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ABSTRACT 


This  thesis  is  a  computer  investigation  of  the  VHF,  . 

UHF  and  SHF  frequency  bands  for  possible  use  by  Marine  Corps 
Packet  Radio  systems.  It  uses  the  STAR  Terrain  Model  to 
analyze  the  different  connectivity  patterns  that  appear  as 
the  units  of  the  Marine  Amphibious  Brigade  move  across  the 
battlefield.  The  problem  of  enemy  intercept  of  friendly 
traffic  is  also  discussed  and  the  units  with  a  high  probability 
of  being  intercepted  are  displayed  pictorially. 
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I .  INTRODUCTION 


Packet  Radio  (PR)  is  a  technology  that  extends  the 
application  of  packet  switching,  which  evolved  for  networks 
of  point-to-point  communication  lines,  into  the  area  of 
broadcast  radio.  It  offers  a  highly  effective  way  of  using 
a  multiple-access  radio  channel,  with  potentially  large 
numbers  of  mobile  users,  to  support  digital  communications 
over  a  wide  geographic  area. 

Users  in  a  packet  radio  network  are  assumed  to  share 
common  radio  channels,  access  to  which  is  controlled  by 
microprocessors  in  the  packet  radios.  The  unit  of  trans¬ 
mission  in  a  packet  radio  network  is  called  a  packet.  It 
contains  a  number  of  data  bits  and  is  usually  variable  in 

length.  A  packet  includes  all  addressing  and  control 

information  necessary  to  correctly  route  the  packet  to  its 
final  destination.  Each  packet  wends  its  way  from  node  to 
node  through  the  network  until  it  arrives  at  its  final  desti¬ 
nation  and  is  delivered. 

An  essential  attribute  of  any  network  is  its  ability  to 
provide  full  connectivity  among  all  network  nodes  [Ref.  1]. 

It  is  this  connectivity  that  will  be  examined  in  this  report. 
The  nodes  in  this  network  will  be  the  units  that  comprise  the 

Marine  Amphibious  Brigade  (MAB).  The  units  will  be  spread  over 

a  battlefield  such  that  their  positions  relative  to  one  another 
will  be  in  keeping  with  current  doctrine.  The  battlefield  will 
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be  the  STAR  model  of  the  Fulda  Gap  region  in  West  Germany, 
which  is  currently  being  used  by  the  U.S.  Army  for  combat 
simulation  [Ref.  2] . 


II.  LINK  EQUATIONS  FOR  PACKET  RADIOS 


A.  GENERAL 

Ground  radio  links  are  subject  to  severe  variations  in 
received  signal  strength  due  to  local  variations  in  terrain 
and  foliage.  In  addition,  reflections  give  rise  to  multiple 
signal  paths  which  lead  to  distortion  and  fading  as  signals 
with  different  delays  interfere  at  a  receiver.  As  a  result, 
RF  connectivity  is  difficult  to  predict  in  detail  and  may 
change  abruptly  as  units  move  about  the  battlefield. 

If  a  packet  radio  network  existed  such  that  all  radios 
were  sited  with  a  radio  line-of -sight  path  to  nearby  neigh¬ 
bors,  then  the  predictability  and  reliability  of  such  a 
network  would  be  greatly  increased.  Particularly  if  a 
packet  radio  network  existed  such  that  all  radios  possessed 
an  optical  line -of -sight  to  nearby  neighbors,  then  analysis 
of  the  network  would  be  greatly  simplified. 1  The  stringent 
requirement  for  an  optical  line-of- sight  over  the  earth 
will  be  used  in  this  report  to  simplify  the  calculations. 


*An  optical  line -of -sight  exists  when  a  straight  line 
can  be  drawn  between  the  two  antennas,  and  the  line  is 
not  intersected  by  the  earth.  A  radio  line-of - sight  is 
an  RF  path  between  a  transmitter  and  a  receiver.  This 
path  can  exist  in  the  absence  of  an  optical  line-of-sight 
because  of  obstacle  gain  and  diffraction. 
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B.  LINK  EQUATION 


The  link  equation  used  in  this  report  is: 


PT  GT  GR  „ 
FTT^-FTT  i  SNRn>in 


where  P 
G 
G 
L 
k 
T 
B 
F 


T 

T 

R 

o 

Rf 


SNR. 


min 


transmitter  output  power  (watts) 
transmitting  antenna  gain 
receiving  antenna  gain 
link  loss 

Boltzman's  constant  (-228.6  dB) 
noise  temperature  (24.6  dB) 

RF  bandwidth  of  receiver 
system  noise  figure 

signal-to-noise  ratio  at  receiver  input 
corresponding  to  minimum  acceptable 
message  quality 


The  link  loss  can  consist  of  the  following  losses. 


L  3  [Ls](Lq2  .  H20)  CLRain5  (LT^lr)  CLp)  (LF) 

Here : 

•  L^  ■  (d^fL)  ^  the  spreading  loss  (for  free  -space)  , 

S  A 

.  Lq  h  q  is  the  loss  due  to  oxygen  and  water  vapor 
2  2 

absorption  at  frequencies  above  about  10  GHz, 
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L,Rain  Is  the  l°ss  due  to  rainfall  attenuation  at 
frequencies  above  about  3  GHz 
.  Lp  and  LR  are  the  losses  associated  with  the  trans¬ 
mitting  and  receiving  stations, 

...  Lp  includes  incidental  losses,  and 
.  Lp  is  the  loss  associated  with  foliage  penetration. 


Therefore  the  link  equation  is: 


o  rf  s 


PT  GT  GR 


-  H,0^Rain^TM^RMLp. 


>  SNR  . 

—  mm 


For  the  analysis  of  the  connectivity  of  the  MAB's  radio 
network  the  following  parameters  were  given. 

(1)  Both  transmit,  and  receive  antennas  were  omni¬ 
directional  in  the  horizontal  plane  and  had  a  30‘ 
beamwidth  in  the  vertical  plane. 

(2)  The  transmit  power  was  1  watt. 

(3)  The  data  rate  was  16  kbs  with  a  ^10  6. 

(4)  The  system  noise  figure  was  15  dB ,  (Lp) (LR)  was 

3  dB ,  and  L„  was  1  dB . 

P 

To  find  the  SNR^^  that  will  give  a  <  10  ^  we  have 


Pe  i  7  er£c 
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where  z  is  the  SNRm^n  [Ref.  3] .  This  gives  a  SNRm^n  of 
10.53  dB ,  or  about  11  dB  for  PRK. 

To  get  the  gain  of  the  transmit  and  receive  antennas, 
ivhich  are  omni-directional  in  the  horizontal  plane  and  have 
a  30°  beamwidth  in  the  vertical  plane  we  have  the  following 
equation . 


Directive  Gain  G-p,  GR 


G 


T 


47rr4' 

area 


4?rr2  _  4tt 

(9r) (br J  "  60 


in  radians 


or 


G 


T 


72i~ 

3F0 


4ir 


360 


41253 
0  u  <t> u 


in  degrees 


„  _  41253 

T  ~  bR  (30) (360) 


3.8197 


5.82  dB  . 


Thus  for  Pj  *  1  watt  =  0  dBw  and  BRp  =  2  x  16  kbps  the  link 
equation  becomes 


0  dB  +  5.82  dB  +  5.82  dB 


-T28 . 6dB+  Z4 . 6dB+4 5dB  +  l 5dB [ Ls  j  (Lq  .h  0) (bRain) +  3dB  +  ldB+ (Lp) du  - 

2  2 


>  11  dB 
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or 


'dB 


fLs^L0, 


-  H70^dB 


[LRaiJdB 


[Lc] 


pi  dB  i  140-64  dB 


Therefore,  the  attenuation  due  to  path  loss,  rain,  and 
foliage  must  be  less  than  or  equal  to  about  141  dB .  It  is 
this  link  loss  of  141  dB  that  was  used  in  the  model  to  deter¬ 
mine  whether  or  not  a  link  "existed."  All  combinations  of 
transmitters  and  receivers  were  analyzed  to  find  links  that 
had  losses  of  less  than  141  dB. 

C.  PATH  LOSS 

The  minimum  theoretical  path  loss  on  a  radio  link  in 
free-space  is  given  by  the  following  formula. 


r  r  4tt  d  2 

Ls  Lossfs  (-T-’ 

For  a  ground  radio  link,  the  path  loss  of  free-space  may  be 
approached  on  a  link  having  a  radio  line -of -sight ,  although 
even  under  this  desirable  condition  diffraction  and  multipath 
phenomena  can  greatly  reduce  received  signal  power.  Average 
path  attenuation  exceeds  that  of  a  free-space  radio  link  by 
a  significant  amount  in  the  ground  radio  environment,  depending 
on  the  type  of  terrain  and  the  elevation  of  the  radio  antenna. 
The  curves  in  Figures  1  and  2  show  average  path  loss  as  a 
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function  of  link  range  for  a  frequency  of  1.080  GHz,  and 
illustrate  these  dependencies  for  two  different  transmitter 
heights  [Ref.  4].  These  curves  are  typical  also  of  propa¬ 
gation  at  UHF . 

It  is  worth  noting  that  the  variation  of  mean  path  loss 
as  a  function  of  frequency  is  typically  much  less  than  the 
variations  due  to  terrain  at  a  particular  frequency  [Ref.  1], 
The  curves  shown  reflect  average  values  of  path  loss  which 
apply  to  a  link  of  given  length  which  is  randomly  selected 
without  regard  to  user  siting.  Well  sited  radios  will 
typically  encounter  less  path  loss  than  shown  in  the  curves 
[Ref.  1]. 

Bullington  [Ref.  5]  and  later  Jordan  and  Balmain  [Ref.  6] 
have  developed  a  simplified  propagation  formula  for  trans¬ 
mission  in  the  VHF/UHF  range  when  the  elevated  transmitting 
and  receiving  antennas  are  far  apart.  Their  approximations 
are  : 

(1)  The  surface  wave  can  be  neglected  in  comparison 
with  the  space  wave. 

(2)  The  angle  of  incidence  of  the  wave  with  the 
earth  (hence  the  angle  of  reflection)  is  very 
small  so  that  the  reflection  factor  equals  -1. 

When  the  approximations  used  are  valid,  the  received  field 
strength  is  proportional  to  the  height  of  the  transmitting 
antenna,  the  height  of  the  receiving  antenna,  and  inversely 
proportional  to  the  square  of  the  distance  between  them  [Refs. 
5  and  6] . 
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where  h  represents  the  heights  of  the  antennas  and  d  represents 
the  distance  between  them.  This  relation  is  independent  of 
frequency  and  is  valid  as  long  as  the  loss  is  more  than  the 
free-space  loss.  Figure  3  shows  the  free-space  loss,  the  loss 
encountered  over  "smooth  plains"  from  Figure  1,  and  the  loss 
associated  with  Bullington's  equation  for  a  transmit  antenna 
height  of  15.2  meters  and  a  receive  antenna  height  of  two 
meters.  Figure  4  represents  the  same  data  but  with  a  transmit 
antenna  height  of  two  meters.  For  both  graphs,  the  error  is 
less  than  5  dB  over  the  range  of  interest,  which  is  from  a 
few  to  about  10  km.  Therefore  Bullington's  equation  was 
used  in  this  thesis  to  predict  path  losses  in  the  VHF  and  UHF 
regions.  The  equation  is  valid  as  long  as  it  produces  losses 
greater  than  the  free-space  loss.  Therefore,  the  model  uses 
the  larger  of  the  two  losses  in  calculating  link  loss. 

D.  ATTENUATION  BY  FOLIAGE 

Another  factor  that  affects  the  link  loss  is  the  attenua¬ 
tion  caused  by  foliage  penetration.  Nathanson  [Ref.  7] 
referenced  a  previously  defined  equation  by  Saxton  and  Lane 
[Ref.  8]  for  attenuation  in  the  frequency  range  from  100  MHz 
to  3  GHz.  He  stated  that  for  either  antenna  polarization, 
attenuation  by  trees  with  leaves  in  that  range  is  given 
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1  2  3  4  5  6  7  10  20  30  40  50  km 

A  -  Smooth  plains 
3  -  Bullington’s  loss  equation 
C  -  Free  Space  loss 

Figure  3.  Comparison  of  Bullington’s  loss  equation  vs.  free  space  loss, 
for  a  transmitter  height  of  15.2  meters 


15 


A  -  Smooth  plains 
5  -  Bullington's  loss  equation 
C  -  Free  Space  loss 

Figure  4.  Comparison  of  3ullington's  loss  equation  vs.  free  space  loss, 
for  a  transmitter  height  of  2  meters 
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approximately  by 


A  -  0.25  f3/4  (dB/m) 

where  f  is  the  carrier  frequency  in  gigahertz  and  A  is  attenua¬ 
tion  in  dB  per  meter.  This  equation  is  used  to  calculate 
attenuation  from  foliage  penetration  in  the  model. 

ATTENUATION  OF  MILLIMETER  WAVES 

As  shown  in  Figure  5,  at  frequencies  above  about  10  GHz, 
transmission  of  millimeter  waves  through  the  atmosphere  is 
subject  to  attenuation  caused  by  resonances  of  oxygen  and 
water  vapor  molecules.  Attenuation  by  precipitation,  primarily 
rain,  and  attenuation  associated  with  penetrating  tree  foliage 
also  play  a  key  role. 

For  highly  reliable  operations  at  millimeter  waves, 
attenuation  by  rain  is  the  dominent  factor  in  determining 
the  reliability  of  the  circuit.  Figures  6a,  b  and  c  were 
developed  by  Dudzinsky  [Ref.  9]  and  give  required  margins 
for  three  different  levels  of  reliability.  For  various 
frequencies.  Figure  6a  has  as  abscissa  the  path  length  and 
gives  as  an  ordinate  the  margin  that  will  not  be  exceeded  by 
attenuation  due  to  rain  for  99.91  of  the  time. 

The  attenuation  over  a  free-space  path  through  a  clear 
atmosphere  is  simply  the  sum  of  the  spreading  loss  (4*rd/  )“ 
and  the  loss  due  to  oxygen  and  water  vapor  absorption.  The 
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Attcnuotion  (dB/km) 


Figure  6a. 


Attenuation  by  rain  as  a  function  of  pat 
for  99.9%  reliability  [Ref.  9]. 


Attenuation  by  tain  (d&) 


dependence  of  this  attenuation  on  path  length  can  be  represented 
by  curves  such  as  those  of  Figure  7  [Ref.  9] .  These  curves 
can  be  used  together  with  curves  from  Figures  6  to  estimate 
the  performance  of  millimeter-wave  communications  links 
operating  through  the  atmosphere  and  in  the  presence  of 


rainfall . 


Told  attenuation  (dO 


190  - 


6  8  10 


Path  length  (km) 


40  60  80  100 


Figure  7.  Total  attenuation  through  a  clear  atmosphere  at 
sea  level  [Ref.  9], 
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III.  THE  STAR  TERRAIN  MODEL 

i 

The  STAR  (Simulation  of  Tactical  Alternative  Responses) 
ground-air  combat  model  is  a  computer  simulation  program 
developed  at  the  Naval  Postgraduate  School  during  1978-1979. 
STAR  is  written  in  ST'MSCRIPT  II.  5  simulation  language.  The 
idea  for  the  STAR  terrain  representation  --  called  parametric 
terrain  --  was  originally  proposed  by  Major  Chris  Needels  in 
his  1976  Master  of  Science  Thesis  at  the  Naval  Postgraduate 
School  [Ref.  10].  The  model  as  used  in  this  report  is  the 
work  of  Professor  James  K.  Hartman  [Ref.  2].  The  subroutines 

that  were  developed  specifically  to  analyze  the  MAB  radio 

* 

link*  are  outlined  in  detail  in  Appendix  A. 

The  basic  function  which  any  terrain  representation  must 
provide  for  a  high-resolution  combat  simulation  is,  "for  any 
x,y  map  coordinates  on  the  battlefield,  compute  the  elevation 
z  of  the  terrain,  and  the  height  h  of  the  forest  if  one 
exists."  The  elevation  z  is  generally  called  the  macro 
terrain . 

The  parametric  terrain  model  used  in  STAR  involves 
storing  a  function  f(x,y).  The  process  of  determining  z  for 
a  given  x,y  then  reduces  to  computing  the  function  z  =  f(x,v) 
Parametric  terrain  has  the  advantage  that  the  function  f  can 
be  stored  using  only  a  modest  amount  of  computer  storage.  In 
addition,  the  parametric  terrain  is  inherently  continuous,  so 
no  interpolation  is  required  for  smoothing. 
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The  parametric  terrain  model  proposed  by  Needels 
represents  terrain  by  modeling  individual  hill  masses.  Each 
hill  mass  is  represented  mathematically  as  a  scaled  bivariate 
normal  probability  density  function.  This  gives  a  characteristic 
elliptic  bell-shaped  hill  mass  cross  section  as  shown  in 
Figure  8.  By  varying  the  parameters,  a  wide  variety  of 
different  hill  locations,  sizes,  and  shapes  can  be  modeled. 

By  superposing  several  hill  masses,  the  contour  map  can  be 
fitted  to  real  map  contours  remarkably  well  by  using  the 
maximum  macro  terrain. 

In  addition  to  the  macro  terrain,  another  factor  that 
influences  line -of -sight  computations  in  the  STAR  model  is 
the  presence  of  forests.  Forests  in  the  model  are  represented 
by  cover  ellipses  on  the  ground.  Each  ellipse  has  a  tree 
height  associated  with  it,  and  the  forest  is  thus  an  elliptical 
"cylinder"  with  that  fixed  height  above  the  ground.  Actual 
forests  with  non-elliptical  shapes  and  non-constant  heights 
can  be  approximated  by  combining  several  overlapping  ellipses. 

The  tree  height  at  a  given  point  x,y  is  the  maximum  tree 
height  for  all  the  forest  ellipses  containing  the  point  x,y. 

Figures  11,  12,  and  13  show  the  terrain  model  on  which  all 
computations  have  been  performed.  They  are  a  10  by  50  km  section 
of  terrain  near  the  town  of  Hunfeld,  West  Germany.  Hunfeld 
is  located  near  the  East  German  border  in  the  Fulda  Gap 
region  of  central  West  Germany. 

The  map  symbols  that  resemble  capital  Y's  represent  forested 
areas.  The  contour  lines  are  drawn  every  10  meters  with 
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Figure  12.  MAB  Unit  locations  for  the  second  set  of  data  points. 
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100-meter  contour  lines  accented.  Grid  lines  in  both  the 
horizontal  and  vertical  directions  are  every  1000  meters. 

The  valley  located  at  41000  19000  has  an  elevation  of  230 
meters  above  sea  level.  The  other  two  major  valleys, 
located  at  53000  15000  and  76000  19000,  have  elevations 
of  250  and  280  meters,  respectively.  The  terrain  represented 
in  the  model  is  highly  forested  and  very  irregular  and  is 
representative  of  many  areas  of  the  world. 

The  use  of  the  STAR  model  has  been  simplified  by  the 
subroutine  RES. TERR  developed  by  Professor  Hartman.  This 
subroutine  is  called  by  the  main  program  first  and  is  set  up 
to  dynamically  reserve  and  dimension  the  various  arrays  so 
that  core  requirements  are  minimized.  The  input  to  RES. TERR 
is  parameter  information  on  the  hill  masses  and  forest 
ellipses.  This  parameter  information  is  currently  stored  on 
disk. 

To  use  the  model  all  that  is  needed  is  to  read  in  two 
ten-digit  grid  coordinates  and  assign  them  to  the  variables 
XA.LS,  YA.LS,  XB.LS  and  YB.LS.  The  variable  XA.LS  is  the 
five-digit  x  coordinate  of  the  first  point  A  and  YA.LS  is 
the  five-digit  y  coordinate.  Now  the  macro  terrain  elevation 
can  be  found  by  calling  subroutine  ELEV,  or  the  height  of  the 
trees  at  point  A  can  be  found  by  calling  the  subtroutine  TREES. 

To  calculate  the  line-of -sight  (LOS),  the  following 
information  must  be  available  for  both  points  A  and  B: 

(1)  The  x  and  y  coordinates  on  the  battlefield  expressed 
as  XA.LS  and  YA.LS. 
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(2)  The  macro  terrain  elevation  fTMACA.LS)  computed 


from  the  ELEV  subroutine. 

(3)  A  micro  terrain  offset  (TMICA.LS)  of  ♦  or  -  from 
the  macro  terrain.  The  offset  is  used  to  place 
some  of  the  antennas  above  the  surrounding  forest. 

(4)  The  last  piece  of  information  that  is  needed  is 
the  site  of  the  antenna  (SIZE.LS),  which  is 
specified  as  three  meters  in  this  report. 

Now  the  LOS  subroutine  can  be  called  which  will  return 
the  percent  visible  of  antenna  B,  i.e.,  the  fraction  of 
antenna  B  that  can  be  seen  from  the  top  of  antenna  A.  This 
is  depicted  in  Figure  9  where  point  A's  antenna  is  mounted  on 
top  of  the  radio  and  point  B's  antenna  is  mast  mounted. 

The  preceding  paragraphs  provide  an  overview  of  Professor 
Hartman's  report.  Anyone  wishing  to  use  the  STAR  model  should 
become  familiar  with  Ref.  2  before  proceeding. 

Four  rout i nes  were  written  as  part  of  this  thesis 
specifically  to  analyze  the  MAB ' s  radio  links.  Thev  are 
MAIN,  REPORT.  PRINT ,  LPI  and  FOREST.  The  purpose  of  the  SLAIN 
program  is  to  determine  if  a  radio  transmission  path  exists 
between  points  A  and  B,  at  the  specified  high  frequencv,  at 
the  specified  low  frequency,  or  if  no  path  exists  at  all. 

The  program  defines  a  low  frequency  ( FREQ . L  )  and  high 
frequency  fFREQ.H).  The  maximum  allowable  loss  between 
points  A  and  B,  as  given  in  Chapter  I,  is  then  specified. 

The  line -o f -s ight  is  specified  as  being  from  A  to  B  LAfOB.LS*! 
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All  of  the  points  to  be  analyzed  are  read  in  at  once  with  the 
x  coordinate  first  followed  by  the  y  coordinate,  the  node 
number,  the  printing  symbol  code,  and  the  "Mobility  Factor."2 
Then  each  pair  of  points  is  analyzed.  Since  all  pairs  of 
points  make  up  a  symmetric  matrix,  only  the  upper  half  of 
the  matrix  is  analyzed.  The  offset  (TMICA.LS)  is  initially 
set  to  zero,  but  it  can  be  changed  to  the  tree  height  if  the 
mobility  factor  is  "1." 

The  macro  terrain  elevation  is  found  along  with  the  tree 
height  at  each  pair  of  points.  Antenna  heights  are  also  com¬ 
puted  and  some  redefining  is  done  in  preparation  for  the  first 
call  of  the  LOS  subroutine.  The  first  call  of  LOS  is  done 
over  a  terrain  model  that  is  void  of  trees.  If  a  line-of- 
sight  exists  over  the  ground  then  the  forest  ellipses  are 
reinstated  and  another  1 ine -of - s ight  is  shot.  The  loss  for 
free-space  and  the  loss  associated  with  Bullington's  equation 
are  hoth  computed  and  the  greater  loss  is  used.  If  a  line-of- 
sight  exists  over  the  ground  hut  not  over  the  trees,  ‘hen 
the  subroutine  FORLST  is  called.  The  output  of  MRFST  is 
the  amount  of  lorests  that  lie  between  points  \  and  B. 

Now  the  total  losses  between  \  and  'i  can  he  computed, 
since  it  is  a  function  of  the  distance,  frequence  and  amount  o 
trees  that  intersect  the  l  .ne-of-  •>  ight  .  lor  each  link,  anal  vs 

The  Mo h  i  lit  v  Factor  describes  ‘.ue  mit  '  -  an:.:*-  to  o r  «*  c  r 
a  large  antenna  and  j  ■*  Jes  ;  r  ibe  .i  in  'ha,-t  e  r  ! '. 


done  to  determine  if  the  link  can  operate  at  the  high 
frequency,  and  then  at  the  low  frequency.  For  links  that 
exist,  the  fading  margin  is  given  as  the  number  of  dBs  above 
the  required  11  dB ,  for  a  required  Pe  =  10'^.  If  neither 
frequency  produces  a  favorable  margin,  then  the  link  is 
discarded  and  another  pair  of  points  (A,B)  is  looked  at. 

For  links  that  do  exist,  the  distance  between  the  two  points 
is  stored  in  matrix  form  for  both  (A,B)  and  (B,A).  The 
distance  is  stored  as  a  truncated  number  if  the  link  is  being 
carried  by  the  higher  frequency,  and  point  one  is  added  to 
the  distance  if  it  is  being  carried  by  the  lower  frequency. 

Next,  the  matrix  of  distance  is  sorted  and  the  five 
nearest  neighbors  to  each  point  are  displayed  in  table  form. 
The  nearest  neighbor  would  appear  in  the  table  as  10  if  it 
was  accessible  at  the  higher  frequency  and  11  if  it  was 
accessible  by  the  lower  frequency.  Other  valid  entries  in 
the  table  are  20,  21,  30,  31,  40,  41,  50,  and  51. 

The  subroutine  REPORT. PRINT  prints  out  the  contents  of 
the  matrix  that  contains  the  listing  of  the  five  nearest 
neighbors.  It  prints  out  the  matrix  in  two  separate  formats. 
The  first  format  is  larger  and  easier  to  work  with,  while  the 
second  format  is  compatible  with  an  3-1/2"  x  11"  piece  of 
paper . 

The  subroutine  LPI  determines  the  s ignal -to-noise  ratio 
that  an  enemy  listening  post  would  receive  if  it  used  an 
antenna  with  a  gain  of  5.8  dB.  This  subroutine  follows  the 

3  4 


same  procedures  as  the  MAIN  program  except  its  output  is 
the  SNR  and  not  the  fading  margin  that  the  main  program 
calculates . 

The  FOREST  subroutine  was  designed  to  calculate  the  amount 
of  forests  that  lie  between  points  A  and  B.  The  routine  checks 
the  heights  of  the  trees  every  1/100  of  the  distance  between 
the  two  end  points.  Every  time  that  the  height  of  the  trees 
intersects  the  line- of- sight ,  it  adds  one  more  percent  to  its 
counter.  When  the  routine  is  completed,  it  has  a  number  that 
expresses  the  percent  of  the  distance  that  the  tree  height 
exceeded  the  line- of- sight .  This  percent  is  returned  to  the 
main  program  where  the  depth  of  the  forest  in  meters  is 
determined  by  multiplication  by  the  distance. 
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IV.  UNIT  LOCATIONS 

On  the  battlefield  are  positioned  sixty-six  units  that 
comprise  the  Marine  Amphibious  Brigade  (MAB) .  There  is  also 
one  point  that  represents  an  external  connection  with  higher 
headquarters  plus  seven  repeater  stations.  In  addition  to 
the  one  special  point,  any  node  near  the  boundary  of  the  MAB 
could  be  used  as  an  external  connection  point.  These  seventy- 
four  points  and  their  relative  positions  were  furnished  by 
Ref.  11.  In  their  original  form  they  had  a  frontage  of  16  km 
and  a  depth  of  26  km.  Position  number  1  was  the  Regimental 
Headquarters  and  also  grid  center  for  the  map.  All  other 
positions  were  given  coordinates  relative  to  the  Regimental 
Headquarters  as  shown  in  Table  1. 

Since  the  STAR  terrain  model  map  of  Hunfeld,  West  Germany, 
was  only  10  km  wide  by  50  km  in  depth,  there  existed  a  need 
to  decrease  the  frontage  of  the  MAB,  Each  unit's  lateral 
distance  from  grid  center  was  decreased  by  5/8  and  it  was 
given  coordinates  that  made  it  compatible  with  the  Hunfeld 
map.  Table  2  lists  the  new  coordinates  and  Figure  10  shows 
the  relative  positions  of  all  points  on  the  map. 

The  reduced  frontage  of  the  MAB  does  make  connectivity 
easier  on  this  terrain  model  because  of  the  reduction  in  the 
average  amount  of  trees  between  nodes.  Whether  or  not  this 
frontage  is  realistic  is  a  question  that  cannot  be  answered 
without  knowledge  of  the  density  of  the  enemy  units.  It  is 
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Figure  10.  MAB  Unit  locations  for  the  first  set  of  data 
points,  nodes. 
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worth  noting  that  the  16  km  front  was  for  a  situation  in 
southern  California  where  the  lack  of  trees  would  have  made 
the  connectivity  easier. 

The  points  went  through  another  transition  when  they  were 
actually  placed  on  the  map.  A  term  was  used,  called 
"antenna  sight  selection,"  whereby  each  antenna  was  placed 
within  200  -  300  meters  from  the  unit's  location  in  an  area 
that  was  conducive  to  radio  frequency  communications.  This 
kept  the  antennas  out  of  the  bottom  of  ravines  and  also  prevented 
enemy  direction  finding  systems  from  pinpointing  unit  locations, 
since  the  antenna  and  unit  were  not  colocated. 

A  list  of  final  coordinates  is  given  as  Table  3  along  with 
their  "Mobility  Factor."  Each  unit  has  been  given  a  mobility 
factor  of  either  one  or  zero.  If  a  unit  has  a  mobility  factor 
of  zero,  then  it  is  assumed  to  be  in  almost  constant  motion 
and  unable  to  erect  an  external  antenna.  Its  antenna  is 
defined  as  being  three  meters  above  the  ground.  If  a  unit 
has  a  mobility  factor  of  one,  then  it  is  using  an  external 
antenna  that  is  either  three  meters  above  the  ground  when  the 
unit  is  in  a  clearing,  or  three  meters  above  the  forest 
when  the  unit  is  in  a  forest.  Mobility  factors  of  one  have 
been  given  to  units  of  battalion  size  and  larger. 

After  all  the  units  of  the  MAB  were  analyzed  for 
connectivity  in  the  first  set  of  positions,  described  in  Table  3 
and  Figure  11,  they  were  moved  back  from  the  FEBA.  The  FEBA 
is  near  the  grid  line  40000.  They  were  again  analyzed  in 
the  second  set  of  positions,  described  in  Table  4  and 


Figure  12,  and  moved  again.  The  final  set  of  positions  used 
is  described  in  Table  5  and  Figure  13.  Each  time  that  the 
set  of  units  was  moved,  their  relative  positions  to  one  another 
were  maintained.  This  was  accomplished  by  requiring  each  unit 
to  move  backward  into  the  next  adjoining  grid  square.  The 
units  were  permitted,  however,  to  find  an  optimum  position 
in  that  adjoining  grid  square.  The  movement  of  the  repeaters, 
nodes  68  through  74,  were  not  as  strictly  controlled  as  the 
units.  When  the  units  were  moved  into  their  second  set  of 
positions,  the  repeaters  were  not  moved.  The  repeater 
positions  were  changed  when  the  units  were  moved  into  the 
third  set  of  positions.  They  were  positioned  on  key  terrain 
in  positions  relative  to  where  they  were  at  the  start  of  the 
problem.  Thus,  their  role  of  bridging  the  gap  between  distant 
units  was  again  reinstated. 

Three  enemy  listening  posts  were  established  along  the  FEBA 
and  they  were  used  to  analyte  what  units  could  be  intercepted. 
Analysis  of  RF  interception  is  discussed  in  Chapter  V. 


Table  1.  Marine  Anphibious  Brigade  (MAB)  Unil  locations,  all  points 
relative  to  the  infantry  regiment. 


MpTV 

NAME 

LOCATION 

1 

Inf  Regt 

000 

000 

2 

Inf  Bn 

-040 

040 

3 

Inf  Bn 

040 

040 

4 

Inf  Bn 

030 

003 

5 

TAC? 

1 

-074 

084 

5 

TACP 

2 

-06  3 

096 

7 

TACP 

3 

-040 

097 

3 

TACP 

4 

-046 

097 

9 

TACP 

5 

007 

096 

10 

TACP 

6 

027 

097 

xi 

TACP 

7 

051 

097 

12 

TACP 

8 

073 

094 

13 

TACP 

9 

-009 

027 

14  ? 

TACP 

10 

024 

027 

15 

TACP 

11 

046 

028 

16 

'T'PQP 

12 

062 

010 

17 

FAAD 

1 

-074 

095 

13 

FAAD 

2 

-045 

097 

19 

FAAD 

3 

-028 

092 

20 

FAAD 

4 

-006 

096 

21 

FAAD 

5 

005 

089 

22 

FAAD 

6 

034 

096 

23 

FAAD 

7 

050 

094 

40 


NAME 


LDCA.TIOM 


FAAD  3 
FAAD  9 
FAAD  10 
FAAD  11 
FAAD  12 
Inf  Co  A 
Inf  Co  3 
Inf  Co  C 
Inf  Co  D 
Engr  1 
Zngr  2 
Inf  Co  E 
Inf  Co  F 
Inf  Co  G 
Inf  Co  H 
Inf  Co  I 
Inf  Co  K 
Inf  Co  L  . 
Inf  Co  M 
Arty  Bn 
Arty  Bty  A 
Arty  Bty  3 
Arty  Bty  C 


074 

036 

004 

027 

025 

018 

061 

023 

052 

007 

-073 

069 

-055 

083 

-029 

077 

-008 

091 

-025 

060 

019 

06  3 

Oil 

079 

030 

083 

050 

083 

070 

O'1? 

-00  3 

021 

0  32 

023 

050 

019 

059 

003 

-026 

022 

-047 

051 

031 

057 

056 

032 
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MODE 


NAME 


LOCATION 


47 

Arty  Bty  D 

-003  037 

48 

LAAM 

-006  051 

49 

Armor  Bn 

-018  032 

50 

Armor  Co  A 

-041  062 

51 

Armor  Co  3 

046  062 

52 

Mortar  1 

-C49  037 

53 

Mortar  2 

050  039 

54 

Mortar  3 

039  005 

55 

MAB  (Fwd) 

-006  -027 

56 

Helo  Sqdn 

-0  39  -0  37 

57 

MAG 

-034  -085 

53 

TACC 

-027  -091 

59 

Sqdn  (VMF) 

-047  -093 

60 

Sqdn  (VMA) 

-068  -133 

51 

TAOC 

-043  -134 

52 

MATCU 

-063  -143 

63 

MAB  (Rear) 

000  -114 

64 

LSG 

044  -122 

65 

LSU  1 

-012  -036 

66 

LSU  2 

027  -093 

67 

External 

017  -157 

63 

Repeater  1 

-043  079 

69 

Repeater  2 

-026  000 
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MODE 

MAKE 

LOCATION 

70 

Repeater  3 

-019  -054 

71 

Repeater  4 

017  -055 

72 

Repeater  5 

027  -110 

73 

Repeater  6 

-024  -060 

74 

Repeater  7 

019  -014 

43 


Table  2.  MAB  Unit  locations,  first  set  of  data  points 
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’  _  •  *  r  . 
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r 

Inf  Rest 

50300 

15000 

' 

Inf  Bn 

46100 

12200 

3 

Inf  Bn 

46200 

17100 

■'+ 

Inf  Bn 

50000 

16500 

- 

TACP  1 
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10  30U 

TACP  2 

40200 

11200 

7 

TACP  3 

40500 

12400 

j 

TACP  4 

40200 

13900 

3 

TACP  5 

40200 

15  700 

10 

TACP  6 

40300 

16800 

11 

TACP  7 

40300 

18500 

12 

TACP  8 

40300 

19800 

13 

TACP  9 

47400 

14000 

14 

TACP  10 

47500 

16500 

15 

TACP  11 

47300 

17100 

16 

TACP  12 

49100 

19300 

17 

FAAD  1 

40400 

10500 

18 

FAAD  2 

40500 

12000 

19 

FAAD  3 

40600 

13200 

20 

FAAD  4 

40300 

14800 

21 

FAAD  5 

41200 

15300 

n  f'i 

FAAD  6 

40400 

17500 

FAAD  7 

40500 

19000 
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41100  19300 
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15400 
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16300 
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47800 

19100 

-  ■ 
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49400 

18200 

•C- 

In:  Go  A. 

42800 
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41500 

11500 

31 

42400 
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i  ■> 
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14300 

3  j 

En^  1 

44000 

12500 

34 

Engr  2 

43800 

14900 

35 

Inf  Co  E 

42100 

15900 

26 
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41500 

16900 

37 

Inf  Co  G 

41300 

18200 

33 

Inf  Co  H 

42000 

19500 

39 

Inf  Co  I 

48100 

14700 

40 

Inf  Co  K 

48000 

17000 

41 

Inf  Co  L 

48200 

18000 

42 

Inf  Co  M 

49100 

18900 

43 

Arty  Bn 

48000 

12400 

44 

Arty  Bty  A 

45000 

11500 

45 

Arty  Bty  B 

44400 

16200 

46 

Arty  Bty  C 
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45 


46500  14600 


451Q0 
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46900 
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:rT,i:  r 

44000 

11200 

•rrL  r  v 

4  3900 
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•  i  ,  *■  t 

46500 
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46  300 
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49700 

17400 
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53000 

14500 

He  lo  5- .-in 

54000 

11100 

5-000 

11600 
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59500 

12400 

Sqcln  (VMF) 

59700 

10300 

Iqdn  17MA) 

63600 

10500 

TAOC 

63500 

13000 

MATCJ 

64500 

11300 

MAB  (Rear) 

61800 

15000 

L5G 

62300 

19400 

LSU  1 

59000 

13900 

LSU  2 

59700 

17700 

External 

66000 

17000 

Repeater  I 

55000 

15000 

Repeater  2 

56500 

19500 

46 


sr.Ter.na 


5 1  j  o  0  0 

15100 

46400 

12100 
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50000 
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4— 

c. 
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y ;  i !  y  !V 

-  -  0  I 

" 

0 

41100 

•  ■-VD  3 

0 

47300 

2'j 

FA.AJC  10 

0 

48500 

2 

faad  1 1 

0 

47800 

"  -j 

FAAD  13 

0 

49400 

Inf  Co  A 

0 

42800 

30 

Inf  Co  3 

0 

41400 

31 

Inf  Co  C 

0 

42400 

-«  ■-> 

Inf  Co  D 

0 

41500 

:  i 

Engr  1 

1 

44200 

34 

En^r  3 

1 

43300 

35 

Inf  Co  E 

0 

42100 

36 
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1 
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1 
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-*  r. 

Arty  Bty  C 

1 
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19100 
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12900 

11500 
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1 
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1 
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1 
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V  - 
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1 

46000 

2  J 

Mortar  2 

1 

46600 

54 
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1 
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MA3  (Fwd) 

1 

53200 

56 
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1 

54600 
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MAG 

1 
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56 
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1 
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1 
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60 
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1 
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1 
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62 

MATCU 

1 
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53 
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1 
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54 

LSG 

1 
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1 
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66 
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67 
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1 

66000 
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Repeater  1 

1 

55000 
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Repeater  2 

1 

56500 
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13300 

11200 
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11000 
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17900 
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11300 
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10800 

11300 
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11200 

14600 

17800 

14200 

17600 

16600 

15300 
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Repeater  3 

1 

50200 

Repeater  4 

1 

60700 

Repeater  5 

1 

64200 

Repeater  6 

1 

57500 

Repeater  7 

1 

54190 

12100 

12800 

14500 

12800 

16200 
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Table  4.  MAB  Unit  locations,  the  second  set  of  data  points  with  antenna 
sight  selection,  and  mobility  factor. 
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1 
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1 
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1 
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0 
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0 
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9 
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0 
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TACP  6 

0 

41800 
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il 

TAC°  7 

0 
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18600 

12 

TACP  8 

0 
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13 

TACP  9 

0 

48100 

14600 

14 

TACP  10 

0 

48500 

16400 

IS 

TACP  11 

0 

48200 

17600 

16 

TACP  12 

0 

50900 
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17 

FAAD  1 

0 

41400 
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Id 

FAAD  2 

0 
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11700 

19 

FAAD  3 

0 

41200 

13000 

20 

FAAD  4 

0 

41500 
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21 

FAAD  5 

0 
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22 
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0 
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2  3 
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0 

41100 
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TO 

■J  i. 
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33 
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1 
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34 

Engr  2 

1 
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35 

Inf  Co  E 

0 
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0 
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37 
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0 
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33 
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0 
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39 
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0 

49800  14300 

40 

Inf  Co  K 

0 

48700  17200 

41 

Inf  Co  L 
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42 
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0 

50600  18800 

43 
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1 
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44 

Arty  Bty  A 

1 
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1 
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4b 
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1 
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1 
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14750 

4b 
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1 
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1 
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5G 
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1 

44600 
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1 
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18900 
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1 
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1 
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£4 
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1 
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1 
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56 
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1 

55400 
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£7 
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1 
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53 
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1 
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59 

Sqdn  (VMF) 

1 
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60 

Sqdn  (VMA) 

1 
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11200 

61 

TAOC 

1 

63500 

13400 
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1 

65600 
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63 

MAB  (Rear) 

1 

62600 

14100 

64 

LSG 

1 

64400 
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65 

LS'J  1 

1 
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14200 

66 

LSU  2 

1 

61400 
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67 
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1 

66600 

16700 

68 
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1 

55000 

15300 

69 

Repeater  2 

1 

56500 

19500 
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50200  12100 


ri/v'.L 
Repeater 

Repeater  4  1  60700  12800 

Repeater  5  1  64200  14500 

Repeater  6  1  57500  12800 

Repeater  7  1  54190  16200 
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Table  5.  MAB  TJnil  locations,  the  third  set  of  data  points  with  antenna 
sight  selection,  and  mobility  factor. 
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1 
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3 
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0 
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9 
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0 

42200 
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0 
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11 
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0 
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12 
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0 

42500 

19500 

13 
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0 
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14 
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0 

49990 
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TACP  12 

0 
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17 
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0 

42700 
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13 
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0 

42950 
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19 
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0 
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2C 
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0 

42200 

14600 

21 
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0 

43300 
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0 

42050 
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34 
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35 
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36 

Inf  Co  F 

37 

Inf  Cc  G 

38 

Inf  Co  H 

39 

Inf  Co  I 

40 

Inf  Co  K 

41 

Inf  Co  L 

42 
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43 
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44 

Arty  Bty  A 

4b 

Arty  Bty  B 

46 

Arty  Bty  C 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 
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49990  15990 
50100  16700 
49500  19800 
51950  18250 
44950  10050 
43700  11050 
44500  13300 
43350  14650 
46050  12950 
45600  15050 
44500  15100 
43200  16400 
43800  18250 
43950  19200 
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49950  17250 
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46700  16300 
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l 
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l 

62900 
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l 

67200 

Repeater  1 

l 
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l 

59600 
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13250 
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13900 
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14100 
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15200 
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Repeater  4 
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62300 
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Repeater  5 

1 

64200 
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1 

59250 

74 
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1 
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14500 
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V.  CONNECTIVITY 


A.  GENERAL 

The  operational  characteristics  of  the  radio  frequency 
band  have  a  major  impact  on  the  connectivity  of  the  MAB's 
packet  radio  system.  The  lowest  and  highest  frequencies  which 
can  be  used  for  a  packet  radio  system  are  determined  primarily 
by  considerations  of  bandwidth  and  propagation  link  loss. 
Practical,  cost-effective  radio  equipment  is  difficult  to 
find  if  the  ratio  of  RF  bandwidth  to  RF  center  frequency  is 
much  larger  than  about  15%.  With  a  16  kbs  data  rate  and  a 
32  kHz  RF  bandwidth,  this  puts  the  lower  bound  of  RF  center 
frequencies  at  about  200  kHz.  With  pseudonoise  modulation, 
the  lowest  usable  frequency  will  be  multiplied  by  the 
"spreading  factor." 

The  upper  limits  of  usable  frequencies  are  determined  by 
total  link  losses.  As  the  operating  frequency  rises  above 
about  10  GHz,  absorptive  losses  due  to  the  atmosphere,  rain, 
and  foliage  penetration  rapidly  increase,  and  the  resulting 
range  is  reduced  accordingly. 

B.  SHF  CONNECTIVITY 

For  a  center  frequency  of  40  GHz  and  a  percent  reliability 
of  99.9%,  Figures  6a  and  7  give  the  maximum  single  hop  distance 
such  that  the  path  loss  does  not  exceed  141  dB  as  described 
in  Chapter  I . 
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141  dB  >  [( 


L0^  *  H.,0  ldB  *  1  "Rain  dB 


141  dB  >  132  dB  +  8  dB 


For  a  maximum  distance  of  2.5  km  a  link  can  exist  in  the 
absence  of  any  trees.  From  Figure  14  for  a  frequency  of  40 
GHz  the  attenuation  due  to  trees  is  between  2  and  5  dB  per 
meter  of  forest.  At  this  frequency,  a  single  tree  could 
produce  almost  50  dB  of  attenuation.  Therefore,  Figure  15 
displays  all  links  that  are  less  than  2.5  km  and  whose  line- 
of -sight  is  not  obstructed  by  any  trees.  Only  531  of  the 
units  have  a  connection,  and  these  connections  are  broken 
down  into  eight  disjointed  sets.  It  is  obvious  at  40  GHz 
that  connectivity  does  not  exist. 

If  20  GHz  is  used  as  the  center  frequency  with  the  same 
percent  reliability.  Figures  6a  and  7  give  the  maximum  single 
hop  distance  as  5  km.  From  Figure  14  for  a  frequency  of 
20  GHz,  the  attenuation  due  to  trees  is  still  about  2  to  5  dB 
per  meter.  Figure  16  displays  all  the  links  that  are  less 
than  5  km  and  whose  line -of  -  sight  is  not  obstructed  by  any 
trees.  This  is  a  noticeable  improvement  in  that  691  of  the 
units  have  a  connection,  but  connectivity  does  not  exist 
since  there  is  a  limited  capability  to  pass  traffic  from  the 
forward  units  to  the  units  in  the  rear.  A  loss  of  key  nodes 
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such  as  54  and  56  would  cause  the  system  to  become  disjointed. 
From  Figure  16,  it  is  obvious  that  a  greater  reduction  in 
center  frequency  is  still  needed.  Connectivity  of  the 
MAB ' s  units  in  the  SHF  band  is  limited  by  the  poor  tree 
penetration  quality  and  by  the  requirement  to  have  short 
links.  Units  with  antennas  below  the  forest  ceiling  will 
never  be  able  to  connect  at  frequencies  above  about  10  GHz. 
Further  analysis  was  therefore  directed  not  only  to  finding 
a  good  frequency  for  connectivity  but  also  to  finding  one  with 
good  tree  penetration  qualities. 

C.  UHF  AND  VHF  CONNECTIVITY 

At  frequencies  below  SHF,  Figures  6a,  b,  and  c,  and  7 
cannot  be  used  to  determine  path  loss.  At  these  lower  fre¬ 
quencies  the  path  loss  is  more  accurately  approximated  by 
Bullington's  equation  as  shown  in  Figures  3  and  4.  The 
attenuation  due  to  foliage  penetration  at  VHF  and  UHF  can 
be  determined  by  Nathanson's  equation.  Therefore  the  link 
loss  equation  is 


(Attenuation)  =  [r-^p— -] "  +  0.25  f3/^ 
qc  nxn2  d3 

Figure  17  displays  the  five  nearest  neighbors  at  a  center 
frequency  of  1.5  GHz  that  have  a  total  link  loss  of  less  than 
or  equal  to  141  dB .  The  five  nearest  neighbors  concept  was 
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developed  because  some  nodes  see  over  20  other  nodes.  The 
five  nearest  neighbors  concept  functions  such  that  a  node 
displays  the  five  nearest  of  all  the  links  that  it  has. 

Nearest  is  determined  as  a  function  of  the  x  and  y  coordinates 
only,  and  does  not  take  into  account  changes  in  elevation. 
Figure  17  has  only  five  nodes  that  do  not  have  a  single 
connection  with  another  node,  and  all  of  these  five  have  a 
mobility  factor  of  zero.  To  connect  these  nodes,  a  lower 
frequency  with  a  better  tree  penetration  quality  is  needed. 

In  order  to  provide  a  high  frequency  with  ample  bandwidth 
for  multi-channel  operations,  and  a  low  frequency  for  tree 
penetration,  a  frequency  pair  was  analyzed.  The  high 
frequency  was  1.5  GHz  and  the  low  frequency  was  either 
150  MHz  or  300  MHz.  These  three  frequencies  were  used 
throughout  the  remainder  of  the  report.  The  five  nearest 
neighbors  concept  was  still  used  without  regard  to  whether 
the  link  was  being  carried  on  the  high  or  low  frequency.  One 
of  the  problems  with  this  concept  is  that,  as  the  number  of 
low-frequency  links  increased,  there  was  a  decrease  in  the 
number  of  high-frequency  links  that  fell  within  the  five 
nearest  neighbors  rule.  Though  the  use  of  lower- frequency 
links  produced  more  of  a  direct  path  through  the  network,  they 
were  not  beneficial  to  all  nodes.  Some  nodes  had  high- 
frequency  links  capable  of  carrying  multiple  channels  replaced 
by  narrow-band,  short  links,  capable  of  carrying  only  a  few 
channels.  This  is  evident  when  one  compares  Figures  17  and  18. 
Figure  17  is  the  five  nearest  high-frequency  links,  and 
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Figure  18  is  the  high- f requency  links  that  fit  the  five 
nearest  neighbors  rule  when  the  lower  frequency  is  300  MHz. 
There  is  a  213  reduction  in  the  number  of  high-frequency 
links  but  a  273  increase  in  the  number  of  total  links. 

The  total  link  connectivity  is  displayed  in  Figure  19 
where  the  solid  line  represents  a  link  that  is  being 
carried  on  the  high  frequency,  and  a  solid  line  with  a  tick 
mark  on  it  represents  a  link  that  is  being  carried  on  the  low 
frequency.  This  is  the  first  connection  pattern  that 
includes  all  the  nodes.  Figure  19  was  generated  from 
Table  6.  Table  6  displays  the  transmit  station  on  the  left, 
the  number  of  links  that  exist,  and  the  five  nearest 
receiving  stations.  The  second  digit  under  the  receiving 
stations  is  a  zero  if  the  link  is  being  carried  on  the  high 
frequency  and  a  one  if  the  link  is  being  carried  on  the 
low  frequency. 

If  the  low  frequency  is  150  MHz  and  the  high  frequency  is 
maintained  at  1.5  GHz  the  connectivity  is  described  in 
Figure  20.  On  the  average  this  produces  more  low-frequency 
links  and  reduces  the  number  of  high-frequency  links  that  make 
up  the  backbone  of  wideband  multi-channel  links.  The  con¬ 
nectivity  of  the  units  near  the  FEBA  is  increased  by  the 
use  of  150  MHz,  but  at  the  expense  of  channel  capacity 
throughout  the  entire  network.  This  decrease  in  high- 
frequency  links  can  be  seen  by  comparing  Figure  18  for  300  MHz 
and  1.5  GHz,  with  Figure  21  for  only  150  MHz  and  1.5  GHz. 
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Figure  20. 


Figure  21.  Connectivity  for  only  the  1.5  GHz  links  from  among 
the  five  nearest  neighbors  for  150  MHz  and  1.5  GHz 
for  the  first  data  set. 


Both  of  these  figures  display  the  high-frequency  links  that 
meet  the  five  nearest  neighbors  rule.  By  using  150  MHz 
as  the  low  frequency  vice  300  MHz,  a  10 j  reduction  in  the 
number  of  high-frequency  links  is  created. 

D.  CONNECTIVITY  WITH  UNIT  MOVEMENT 

In  order  to  check  the  MAB ' s  connectivity  under  different 
terrain  conditions,  all  units  were  moved  back  off  the  FEBA 
into  the  next  adjoining  grid  squares.  Figure  22  displays  the 
connectivity  for  a  low  frequency  of  300  MHz  and  a  high 
frequency  of  1.5  GHz,  with  unit  positions  as  described  in 
Table  4  and  Figure  12.  Figure  23  also  displays  the  five 
nearest  neighbors  but  with  a  low  frequency  of  150  MHz.  Both 
figures  show  evidence  of  the  connectivity  problem  caused  by 
the  6  km  ridge  that  runs  along  grid  line  59000,  just  forward 
of  node  59.  The  connectivity  problem  caused  by  ridges  and 
ravines  will  not  be  overcome  solely  by  using  packet  radios. 
Care  must  be  taken  when  assigning  unit  locations  so  that  a 
repeater  or  unit  is  located  with  connectivity  to  both  sides 
of  the  ridge. 

The  MAB  units  were  moved  a  second  time  back  into  the  next 
adjoining  grid  squares.  The  unit  locations  are  described  in 
Table  5  and  Figure  13.  The  connectivity  problem  encountered 
by  the  ridge  running  along  grid  line  59000  has  been  eliminated 
by  positioning  repeater  number  73  on  top  of  the  ridge. 

Figure  24  displays  the  five  nearest  neighbors  when  only  the 
high  frequency  of  1.5  GHz  is  used.  Figure  25  shows  the 


Connectivity  for  the  five  nearest  neighbors 
150  MHz  and  1.5  GHz,  for  the  second  data  se 
Links  with  tick  marks  are  carried  at  the  1c 
frequency . 


t-fi  H< 


ty  for  the  five  nearest  neighbors  a 
or  the  third  data  set. 


connectivity  by  the  high-frequency  links  when  the  five 
nearest  neighbors  rule  is  employed  with  a  low  frequency  of 
300  MHz  and  a  high  frequency  of  1.5  GHz.  The  total  connectivity 
for  these  two  frequencies  is  displayed  in  Figure  26. 

These  figures  show  good  connectivity  at  the  high 
frequency,  which  is  the  backbone  of  the  high -vo lume ,  multi¬ 
channel  system.  They  also  provide  ample  routing  capability 
for  all  nodes,  even  the  units  located  near  the  FEBA  with 
mobility  factors  of  zero. 
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VI .  ENEMY  INTERCEPT 

Three  enemy  listening  posts  (LP)  were  established  in 
order  to  determine  which  units  were  capable  of  transmitting 
across  the  FEBA.  The  listening  posts  were  numbered  90, 

91  and  92,  and  were  located  at  40050  11650,  40050  15500,  and 
40050  19500.  For  each  LP ,  an  analysis  was  done  to  determine 
if  an  RF  link  existed  to  any  one  of  the  74  nodes.  If  a  link 
existed,  then  the  SNR  at  the  receiver  input  for  an  antenna 
gain  of  5.83  dB  was  given.  This  SNR  was  given  for  both  the 
low  and  high  frequencies  that  the  transmitter  might  be  using. 
The  distance  between  the  LP  and  node  was  also  given  along 
with  the  amount  of  forests  penetrated. 

Table  7  shows  all  the  links  that  exist  for  a  low  frequency 
of  150  MHz  and  a  high  frequency  of  1.5  GHz.  The  units  are 
located  at  the  first  set  of  data  points  as  described  in 
Figure  11.  Figure  27  displays  all  the  nodes  that  produce 
an  SNR  of  greater  than  -30  dB  at  any  one  of  the  listening 
posts.  The  nodes  with  the  large  dots  are  the  ones  that  can 
be  intercepted.  If  the  high  frequency  only  is  displayed 
as  in  Figure  28,  there  is  a  noticeable  reduction  in  the 
number  of  nodes  that  produce  an  SNR  >  -  30  dB  at  the  FEBA. 
Therefore  the  high  frequency  is  again  recommended  because 
of  its  bandwidth  and  low  probability  of  intercept. 

If  the  units  are  moved  back  off  the  FEBA  one  grid  square 
to  locations  as  in  Figure  12,  the  stations  that  can  be 
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intercepted  at  the  low  frequency  appear  in  Figure  29  and  the 
high  frequency  in  Figure  30.  Finally,  if  the  units  are  again 
moved  as  in  Figure  13,  the  units  that  can  be  intercepted 
at  the  low  frequency  appear  in  Figure  31  and  the  high 
frequency  in  Figure  32.  These  figures  show  that  the 
probability  of  intercept  decreases  with  increasing  distance 
and  frequency,  as  was  expected.  It  is  evident  that,  in  order 
to  decrease  the  amount  of  traffic  intercepted,  the  low, 
tree-penetration  frequencies  should  be  used  sparingly. 
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Figure  29.  The  nodes  with  the  large  dots  can  be  intercepted 
with  a  SNR  greater  than  -30  dB  if  they  are 
transmitting  at  150  MHz,  second  data  set. 
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Figure  31.  The  nodes  with  the  large  dots  can  be  intercepted 
with  a  SNR  greater  than  -30  dB  if  they  are 
transmitting  at  150  MHz,  third  data  set. 
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VII .  CONCLUSIONS  AND  RECOMMENDATIONS 

From  the  data  presented  in  this  report,  it  can  be  con¬ 
cluded  that  connectivity  to  support  a  practical  packet  radio 
system  can  be  provided  for  terrain  typical  of  western  Europe. 

The  system  should  have  the  capability  of  transmitting  on  at 
least  two  frequencies  in  the  VHP  and  UHF  bands.  One  of  these 
frequencies  should  be  in  the  high  VHF  range  and  would  be 
needed  as  the  tree -penetration  frequency.  The  other  frequency 
could  be  near  1.5  Hz  and  would  be  used  as  the  wide-band, 
multi-channel  frequency. 

The  algorithm  used  for  selecting  the  frequency  in  the  packet 
radio  should  make  maximum  use  of  the  high  frequency.  The  low 
frequency  need  only  be  used  where  the  high  frequency  fails 
to  connect  wi,th  another  node.  Relying  on  the  high  frequency 
will  not  only  increase  the  total  system's  channel  capacity, 
but  will  also  decrease  the  probability  of  being  intercepted. 

Figure  33  shows  the  connectivity  under  these  constraints. 

The  system  is  based  on  the  five  nearest  neighbors  rule  for  the 
third  set  of  data  points  and  a  high  frequency  of  1.5  GHz. 

Then  only  the  nodes  without  connectivity  were  permitted  to 
use  the  lower  frequency  of  300  MHz.  This  network  has  951 
of  the  links  being  carried  on  the  high  frequency  and  only 
35%  of  the  nodes  with  the  capability  of  being  intercepted,  as 
shown  in  Figure  34. 
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Connectivity  for  the  five  nearest  neighbors  at 
1.5  GHz  with  selected  nodes  using  300  MHz,  third 
data  set.  Links  with  tick  marks  are  carried  at  the 
lower  frequency . 


t 


APPENDIX  A 


-us 

US-J  » 
— J  .US 

US 

•C7J 

UJ 

>-LU  • 

•» 

US  “_j 

X  “US 

X 

-jus  as 

a.  usx 

LO 

• 

•  _ j< 

»  J  “ 

LU 

< 

i— us 

us  .us 

-J 

a 

* 

X>at> 

</> 

_|3_| 

GO 

Z 

LU 

>-o« 

•J 

•a.  • 

< 

< 

• 

— U5>0C 

• 

*>  »co 

•M 

j 

h- 

3—  aC 

asui>usausoC 

X 

“OCX 

•>M_ja._>us-j< 

* 

at 


o 

> 


OUSUJ  US  «  •  •  •  >  < > 

z  joac_jusxu*ai  *> 

UJ  *UJLU  *J<JUI/IZJ 

X*-C9«  *Z  •  >JU< 

JOZUJQ£<KXOO  <U.LU 
JMMhU.NlKJNQoC 

x**  zus  *ua  .inj  » 

*  »at  “US  US 
I  l/)<  >  JUSUSUSUS_J< 


X 

Q 

z 

X 


o 

ARIABLES 

RRAYS 

ARRAYS 

LES 

CRIT.HtXl 

RAYS 

UT1NES  - 
LStLAG.L 

-J  “  «-J-J<0  • 

xus as  •  »as  •> 
ZJUO  *JZ 

O  •<asacus*-o 

«<I>  “JlU. 
usoc*— QUS  •>  “ 
Z1L  “X—JUSOUS 
UJUSUS*—  .U)  -_J 

us 

> 

Y 

ARRAY 
»  FREQ.H 

>  x  as  -oca  • 

-X  “US  • 

<  V 

X  J 

II 

ocxxxac  ca 

«usacus_i> 

Of  X 

ocesC  •  us 

>. 

UJ 

aoauiw  •  ca 

a  *x  _i  *_j  *o 

cx  et 

aruior  uj 

X 

X 

usujxujc_aec>-_in< 

1  USO  »US  >2Q 

X  OC 

X  COLLI  «J 

<x 

*-oai3uj<tx4ui_i 

X 

UJQC  CO 

esc 

h- 

u>ujcciu*->G_uj*-  * 

•  XflO  .US  ■+. 

JUS 

QCH-U.USX 

xus 

• 

oj>-<*-z  »as<us 

USXt-XO.  “US  “ 

<>-0C 

UlZ  UJ— 

UJ 

m 

aez  Z-*_JX  — -i 

xas  «auju)_ius 

UJ<  LU 

CO—  “-JOC 

□CJ 

UJ 

a— ac—  x  •  jo  • 

vviihj  »_j 

QCCCO 

UJ  USCDX 

UJCO 

X 

a.  uj  ju>404 

“— J*— us  • 

aeui 

h-  JUSX> 

cox 

o 

usca  jxao-Zusca 

us  •  »X> 

JX*- 

zxo— 

LU— 

axuixz  a.aus< 

_iasus  “us XT 

X  ZUJ 

i— ZJococuji-a: 

> 

z  t-zaus  —  <_j 

•O  JUS  -  -x 

Z  J— J 

1  O  »<UIJZ< 

ct 

<usza-«<Xus  « 

as—  •  jusus  “ 

ax  asj— x>aas*-> 

»s>c 

—o 

—VS 
OOJ 
U  II 
QO 
“O 

co  • 
rOZ 
fMO 
C5— 
JO 
OUI 
<N(SC 
■t  • 

— o* 

— _J 
UQ 
cotnO 
0<m 

-sxz 

. 

O  >■ 
OUVO 
— IUJ  * 

xxz 


UJ 

-I 

Its 

X 


ZUJ  USZVXLUZJ  “f-asa.  •  UVSMK<mZZmJI>mJJ 
— >jZujocxXX  •  us  •^uiari-  .jz  ZaCOuJJXZacxx 
<uwuisoa.»i  xus  ji/ixhi^is  .ai— iax— x  lu— xzuj 
oczzz-ioo  iO^Oj  t-J  *«us  »  »>>X<— >us—  «cc  >Ooc 
o c  -c—a  «x  i  as-  >  <t  .usxusus  >nhzv)  zqw  us  — 
luus— o  i  a  •-< jajs-iflx j  «ooZaeai  i  esusxtscusus 

hjio  I  m-ji-  juj  -a  .us  •  ._jus  i  — uiLuxf\Jnx  ujZx 
_iz— »  •  Xus  esc;  »z  »u>— oljcssc  ijHi/)ri3“  o  uscoiu 

(SC  —  UJ  US>  — XOUS  -_l_JIUS  .«a->  •  ZMUJO<3:k>-IUJZH- 
OXXUX  -X  LL—luSUJ  lK<U<  »  •>USOlQh-  |  XUJ*— —  X 
U-Z— X  V  •  •  J— X  “OSZ  J/)US*-XX  I  Z-HUS  «  »>ZO  » 

•a  csarxaiusco  •  -asusv— us_j_jt  h^w  x*-  col  s—  i  co 
usv  i  ol.  iO<  •  za ususx _j  »>_i  •  •  “us a  us  z  »z  —  • 
za-< UJ*- as LU> a*- _|-J  *  »us  -  »3usus_j  I  xi/sxoCluuj  .<  t- 
O—  acus  laxxm  •mojusoomj  ih  <  ujoujg-  u»z 
*-ccxx— a  *0.1 — iz>-_juj  uua  *  •in  us  aeoocacxusxx 
*-o  s^jjx  *—  *  »0  .mo  •  .  “Us>ususxusoocuj*-ujx  * 
—zus  •  .ujZlous— as— usousus_j*-ljx  *-ocao.  *-  >i— 

Z  “X  “  “XU  IMJJ  »Xlfl<ZjJ  »X  ►  O Cl  •  •  •  »  >HX 
““X  I  “V)aU-  •  *US  »  kDh  •  *UI>USVZ  «OCX*-L-  “  •— «  • 
U.QMQ.  .UJ  “>UJOV_JUSUSXX03Gf*-UU<  .LLUJ— USXCLUS  JX 

uj—  •ujhmio.Qusm  ijj  *  *  as  usx  *  •  uioo.acui  .lulu—  • 

OcCXOCUS  —  •  “  C£  “X  •  tUSUS  “LL  “US.*  “O  •  •  L-OC<OCZeO*~ 

U3Umusouj Jouso« Jjus  “Usjusxooaxo  •*-— QZ 

JZ3SCJOX  I4ZJMXUJ  •  ._JUSU  iu<ZZZZtUJ^jZ< 
<  XCD  •  MX*  «J  •>  UJ 

OSUJUJUJUJUJIUXOIUXUJLU— ISQ.X  *USOLUUJUJUJUJUJUjnCUJLL'UJUJ 
OZZZZZZa.JZ«ZZirtNU45VluZZZZZZZI-ZrZZ 


CDUJ  — 

C5*^ 

i  <1  <>  l 

*-  US 

UJ 

C5U.ILU.U.U.U. 

u. 

U.U. 

LLU.U.U.U.U.U, 

U_  J-LLu.CS 

sw 

ac 

•  UJUJ  UJLijUJUJ 

•  UJ 

UJUJ 

UJ  UJUJ  UJUJ  UJUJ 

ULi  UJUJ  UlZ 

NSN 

O. 

• OQOOOO 

•  a 

aa 

aooaoaa 

oaoow 

I  j 


oliO 

Wl“ 

INI 

0.0. 

& 

X 

•  • 

* 

• 

U.U. 

CO 

oo 

IS) 

•  • 

w 

X 

a 

oo 

> 

zz 

K 

> 

** 

< 

-i 

co> 

• 

«S 

M 

1 

oO 

CO 

lO 

-»lO 

O 

** 

O 

r 

—>  l-H- 

-1 

—a. 

o 

—  XX 

>•  • 

« 

J 

OO^tOtO  •  • 

z 

l-U. 

-> 

* 

•^H<  JU<03 

»— 

«o 

•» 

IS) 

##«—•••• 

o 

j  • 

— * 

o 

toto  <r  era  tutu 

>x 

-o 

-J 

OO  +  OUUJUJ 

« 

a»z 

** 

X 

_J-J  «cCX 

OCX 

a 

a 

< 

XXNZtW- 

PC  * 

X  CO 

Z 

X 

<to 

*< 

• 

XX#  oo 

CO 

«• 

UJ 

II 

— oozz 

oo_ia 

*-i 

Q 

II  II  -zz«« 

LU<_) 

— # 

O 

Si«— <oo 

JUJ  • 

2  * 

z 

IS) 

— ODJJ 

coocZ 

O# 

J 

1XX_jOIUUI 

<t  o 

X— 

•» 

Cl 

•  •<LUUI— 

•—  -'ll  1* 

•  aC 

«■» 

o  • 

LUUJ  —mV>» 

00  "  Q!<U 

CCUJ 

— iu 

OO  1 

UJ  <22 

LUO 

*o 

oo  — — 

-1  >Qw 

O.QC 

> 

to  • 

zz— —  ■ ->x 

IS  *  -•  J 

•a 

< 

oo 

•  »*OX— 

<  XXlOJ 

o  • 

-IZ 

- - — >-> 

— UlXUJZO 

2XN 

X  -O 

•  |X»<4 

X  J  oui<n 

—I 

<ioO  to 

LULU<<<  1— 

1— 

<tO  -UJX  - 

•OCX 

** 

X>-  - -I 

QOv  -  •  X 

X 

XI-*-«-X 

— t-o 

W 

Q.  •X’mi 

oo-  •  ——  • 

• 

>— COZO  • 

#  <o 

K 

II 

zzu.— -->x  < 

to 

JXLU—  1  UJ 

•Xfl 

<o  U.  1-000 

—  •ox——  • 

• 

<<_J  IMO 

a  • 

»— QO.ZZZ 

LUUJI— —  VX— ILU 

-<UJ 

LU>  JLO  < 

Z— OC 

a 

”»  •  •  •  •  • 

ooXxx«  lu 

UJ 

oC  <<<o. 

•«  o 

•  •quujluq.  • 

•  ZZ(5«  OX 

ox 

_IX  oO 

uj  *  ao 

u-nzaoozoo«^  zzuu- 

LUC- 

coccoi'jco  • 

Q*iX  O 

cc 

—  iOOui 

►-*-  ZZUJUJ 

<uj  x<tuj 

</) 

O— X-J  X- 

1  LUUJOZZU-  II 

II  toco  II  UIUI»—  M 

—  H 

OC  •  UJ 

-JOO 

ZLUCJ  trsj  •• 

UUZ 

— 

X 

uj  -o  •tux 

uj  Jco  (_)•  0X0 

locozz  ii  ii  ii  wmaouj— oo-vi 

—CO 

yvnxun 

>  »H-  »Z»  UJOUJ 

J  J<<0  _jj  •  »ooo  >-J 

>-J 

z<  ->z  - 

UCOQ.— .<  CCm  OC 

aai>i-i-^nio  • 

IXXZ  toco*-  • 

J-  • 

<  •  <t  JCO 

ZUJ 

•-»  J  U.«  ll  — 

• 

•isos)  •  »_j<cO—*— • <>>luuj— •< 

•—CO 

►•CO*—  •»—  aUJ 

MLL-U)OS  S-t 

u.u.HM> -nuuJLuoooc  x»-  uiuiuuujo 

JO 

t/>«*-*xtouj  j  (i  >— n>— orn  m—  onors  oo»— i-i-to  j  jxx—  ~  — — 

wii  "Ooo  to  •«*  Om  «ir\  •  o—  •  •  •  »  +  oaoxx«*-tuuj*-*'-<fiXtoasx 
otn  -  ~a*t<CO  IS)  Q  •  •©  «OIU-*  OOXX  ZZZt-kUO  OK>OI- 

—•XX  •0.1—  J  -2  »XO  II  II  ZZ««1  _ l_l _ l_JZ  <S 

</»  »XtOX  II  XUU)  — II  II  l/>  H  II  OCX  JJJJ  I-*  I- 

O  •  •ai»—  •<  X>  J  ••#  at  11  it  t/>  i/iwOOhh  it  tuiuuJiuujujujtU'<<<<iLUj  ju.uj 
_IQ~>Qo£LiJ>>UJO  »c0— H-  J 

xz  OK-U4  *kZ<QX4J  »X  .J.JJ  •  •  XXX 

<r<r  «Z«f  aCjto  •  «uij4r  •  «r  •<  *  *  •  «t cd— <-h 
XJ»  XU.<UIV)0.riJX  3090XiS<I0Q  l-KOC 
•  ujZujx—<ujujujXuixz<jc9*-i— n  11  uiojo 
uuujui-jujujx*— xujcox>>a<x<i-i<<in<  jju. 

ZZZ  >ZZ  J  H-  X0CU.JU.JJJJJJM1 
2  hhmlummi/I  J  OOUJIU 

—>  u.u.u.QU-u.<H- jj<<ooco»-»-i-.>-i- jjh-u-qcqC 

<  UJ  UJ  LUO  LULU  LU<UjLULULULULULULULULULULULULUaO 

x  000200  jojxxxoc -jj-jjjj  j  j  juu. 


103 


X 


to 

<  ** 

> 

•  —  •  • 

M 

to 

< 

UIH-  *  * 

(M 

> 

3 

UIX  ** 

* 

to 

to 

< 

-1 

ac  •  ** 

* 

> 

> 

1-3 

< 

l-CO 

M 

< 

< 

Z-l 

•  H  II 

M 

3 

3 

UJ< 

U J 

— M  tO 

X 

-J 

-J 

u 

-1 

I/IZ3HH 

• 

< 

< 

ct 

o 

J<QXI 

03 

UI 

> 

•  -_l  * 

MM  « 

CLM 

o 

tO<l— — ih— H*  ♦ 

(N(\|M 

to 

to 

•  O 

-  >oxozz  • 

**Z 

to 

to 

M  • 

in 

in  «  *u.«* 

**< 

o 

o 

OO 

r— in 

H-m3Xco  * 

mm 

— •* 

-J 

-J 

UJ 

•H- 

•  H-_JH-  .tO  » 

JIH 

• 

• 

at  ii 

o  • 

O  •<  Ul<*«* 

UIUJ  *  * 

•  *x 

z 

z 

a 

■*  o 

*0  -uj  •  •* 

uo 

<<  • 

a 

o 

U.M 

**  — atz** 

zz— — 

OQ< 

M 

M 

z 

_i« 

X*  —->!-—**  II 

<<-J^ 

XX  • 

o 

o 

OUI 

•-J 

•  Xuj— '  -O** 

MM  •  • 

«M 

z 

z 

M 

Zl) 

or  • 

a  «oOtoac  i 

to  OO  UJUJ 

JJZ 

M 

M 

UJ 

-o 

LLIOr 

XOz2j<f  II  II  H- 

mmOQ 

-t'V< 

_J 

-J 

a 

OUJUI 

aCLLi 

aiu<  •  .x  a 

ooao 

UIUJM 

-J 

-J 

2 

-10.0 

LLOC 

LLOO-tUCO  -HHUJ 

zz 

O 

D 

< 

UJ  »z 

#U. 

*U.t0Out0XXQ 

II  II  — — 

zz< 

03 

CO 

M 

«—M< 

in* 

in*  —  a<_i 

33 

to  to 

«* 

to 

>-l/IM 

(Min 

(MinOZX  »ujujui 

- OO 

-J-J 

MM* 

II 

II 

M 

UJtO 

•fM 

•  CMm  mcoujujuj 

n^ocac 

•  « 

tOtOUJ 

o 

Mocm 

o  • 

o  «ll  -  -acacixa: 

•  •  •  • 

<cfi 

"mu 

-1 

x 

M 

too  a 

*o 

♦  O  •IOm.U.H-H-H 

Lutuacoe 

uu 

ao2 

• 

• 

u. 

LXJU. 

to* 

to*  o-Jxto 

OQIUUJ 

MM 

**< 

to 

to 

• 

at  *  — <Oto 

oio<  •  — — M 

Co  CL  a. 

TZ 

UUH 

to 

to 

u 

OH- 

•  OO 

OQoC<0>#  * 

ZZ  •  • 

MM 

•  «to 

a 

a  to 

< 

XUJHOOO 

OCU->Z  -** 

-  -oo 

1  'Mil  !>'■« 

-j 

_J_J 

ae 

-IZ 

30 

30  •</»  •  • 

x-jzz 

*  + 

0.0. 0 

« 

u. 

mJ  UJ  -V  2 

3  1  -UJO*  * 

•  • 

1X1 

**  — 

M 

t-  co  to 

I 

uou 

*  <OQO** 

UJUJ  II  II 

to  to 

-J 

<KU. 

LU 

UI  0£_J 

UI 

<  •ccuj  i 

1  UJ-IOO** 

OO 

-J-J 

o 

M  M  • 

-J 

-JU.ID 

o 

UQXIUJ 

X  O  *Z3*  * 

oo— 

•  • 

> 

<»»  ^  Q 

tO> 

z 

a.^  «_j 

•  XZ<  -  -***03 

ZZ1l£ 

<03 

o 

U.U.M 

mO 

< 

-UJ  «<to  • 

to  •<xtoui  *  a 

mm  •  • 

UJUJ 

•  «  • 

— 

-»z 

M 

O _ IH- 1— tOtO 

tOtOI—  _ll_>  11  11  • 

UJUJ  UJUJ 

MIsJ 

— 

0015 

-J 

X  • 

to 

•  to  too  to 

a  to  to  x  »z  *  *  ixjooQO 

o 

.■MO 

• 

•  if  a. 

M 

OMU ImJO 

ja«Htn<»#  *  2Zzoa 

toto-no^x 

to 

<o  x 

Q 

zoco  _i 

JQ->HUJIiJ#  ••—<<ZZ 

ujujO  M 

It  JUti  II  -J  I  O  I  II  tOMLUUJ**  toto  TC3: 

O  0 C  WjO  #  k- <«QC 

uj  touj  ii  uitoto  tototuuj  •  -  i:  *  roocta 
u  n  -jo.  uvivi  totoozcoo**  a.  •  »  •  • 
Z  •  r/izOO  OOZ—xac**  uj  ii  mxxococ 

<vidHQ<JJ  __i  <r  _J  «u.  o  3“*-iujlu 
■>Moa:toOM  •  •  »  »h-  Mto  ii  iizzoa:of&a 

sionu-tuoioxx  xxi/t'i’T-*  <r—  mm  «  • 


3  *  -imm— «- 

I  tO—UJUJ*  *  -OtO  TC  jt 


— -  UJ  OO* -JtOXIOeCUl  LULUO  MM3 

ii  iix>x>o  -i  oao  *o  •aaci-  it  jux  n  -j  i  m  u  to— *luuj*  *  toto  oczs 

<  <<  <  _j_jmU).juj_ju-  O  at  oo_jO  *  h.->«CC 

mm  ii  to  *  *  u  o  to  ii  uj  touj  ii  ujtoto  uotoujuj  •  -  i:*oooocac 

IX  it  u  n  ii  _j  oo  ii  <m<m— <  u  il  —JO.  utovo  totooZcoao*  *  a.  •  »  »  . 

•  •  to  •  mm  aoao>*'>  z  •  ii/)20o  aoz-xa**  ui  it  mxxoccc 

<cOtOiOlOtO.J  tO  VO  to  tO  »_J  <l/)33hO<JJ  __i  <r  _j  -a.  O  3>— ilXJIXI 

•  «_j-j_;— iwtoac  it  it  to  «to  ttooujtoMooctoOM  •  •  »  •>—  — -ton  ii  zzOococ  0.0. 

mm  •  «  •  i>ou.  nuitoujto2'>ni/inu-ujOtoxx  <—  mm  «  • 

tOZZ<r<rrOrt»o_|tOtO-IX-JUjOUja<lJ_l«atOn»3— ZZtOZZ—  •  >UJ  UJM<1M<<00 

>«X>X>Z  *->  •  •  •  OC-JaC J_JZ  Q3hQ  Q  — >  — QI-<  •QOtOQC  X TZZ- 
<  jxujujzx  •u.  •  -j  »u.  _j_i<_j_i  z  iQoo-<u.  - 

3C>— t— t — » —  1— — J  3UOO  Z  ZMMJMM  HI-  3  H«HZ2ZOI«*HHHH^ 
_jujujujujujluuj<u. — i<<m  ii  O  ti  Oujuj<ujujil.u.ujuju.  ii  jx  ii  iuacz<  ^lliujujuj- 

<JJJJJJJU«<XXO  I-  HJJOJJ-MJJH  <—  IQ.  -ex I  tO_J_J_J_l- 

totoZ-JOXO  z  z  ***# 

•  •-  iz  «z  mm  *•**  at 

UjLU-JtO—wOM  O  O  *»  ■  •  O 

ujuj-jto-jto  _l  e£  at  ****  a 

IX^OQJOJ  <  <  — ■» »  -J 

lLU.a3_lO_jO  XI  «* 

03  CO  **  II  II 


to  to 
ii  ii  aa 

_I_J 

X>W» 


UJUJLUUJUL  UJLL 

JUJU— J— 


z 

Z 

**  *•» 

.  -  “* 

M 

M 

*•  ** 

Cl  — 

o 

o 

**  •  • 

a-»  ii 

af 

ac 

**** 

a- 

< 

< 

_j-  — 

X 

X 

#* 

M 

•**  II  II 

a. 

M 

M 

** 

OK 

UJ 

UJ 

*  *  -IM 

OO 

-1 

**  •  • 

— JU. 

104 


TO  N3.0F.PTS 


*  * 

*  * 


* 

* 

o 

* 

» 

>> 

o 

LU  * 

* 

X 

13  * 

* 

o 

ft 

< 

< 

ri¬ 

X  * 

• 

X 

se 

* 

* 

X 

X 

ft* 

UJ  * 

» 

X 

ft— 

X  * 

* 

X 

*■4 

m 

LU 

in  * 

—  * 

X 

IU 

-1 

CM  « 

ft-  * 

ft— 

o 

O 

*0 

z 

> 

x  * 

ft-  * 

X 

< 

o 

o  * 

3*  * 

o 

X 

0m 

O 

1/5 

— 

o 

L/5  * 

X  « 

1/5 

1-4 

o 

HO 

X  * 

•  * 

X 

Q 

ft— 

#x 

o 

X 

r> 

• 

* 

—* 

O  * 

X  * 

o 

X 

<s> 

—  1/5 

X  * 

X«/5* 

X 

h— 

o 

1-0 

C3 

•o 

<3 

X 

_l 

+  l/l  J 

* 

ox* 

X 

X 

LUX 

z  * 

Zh# 

z 

< 

< 

OJ4 

ft— 

ft— 

Z 

z 

— <_(X 

# 

xn* 

*< 

1/5  * 

—o* 

X 

a 

-JZ  II 

K 

-ox 

X 

_J 

LU 

-OLA 

x  go* 

X* 

X 

— 

•  o* 

Xft-* 

ft 

rift 

II  *-X 

X  X 

XX 

X 

X 

x 

MlO 

O  X* 

ft-  * 

o 

i/5 

l/l 

— LU 

ft  * 

a—* 

ft 

LU 

LU 

XX  -J 

o  «/> 

-0 

o 

O-l 

-i 

LAO-J 

z  a* 

Xft-* 

z 

a_i 

-J 

UJ  Z< 

_i* 

Z  ft* 

< 

<S 

-J<Z 

□  X 

ft— ft— 

o 

-z 

z 

_IXU0 

LAX  «  * 

X->* 

X 

LOLA 

l/l 

<LA  » 

X  X# 

— * 

X  ft* 

X  • 

Smm 

-J-4 

— X 

X 

Xx 

X  •— 

g IQw 

ffl  -»* 

X* 

•  •— 

ft- 

—  •— 

<  II  «■* 

l-O* 

II 

X  — 

II 

*—XLU 

ft— 

zx 

Olu 

LU 

X"0  x* 

—a* 

-o 

•o 

X  o 

•ecz 

<t—  o* 

X  •  * 

ft— 

^oz 

</5  Z 

XX< 

> 

XX 

z< 

LU  < 

X<X 

X  X* 

— * 

X 

on  x 

-1  X 

OXvA 

xo  o* 

—X* 

o 

q  a</> 

-1  LA 

oL— - 

XX  1/5  O 

I/5X 

X 

xx~ 

<  — 

auLd 

a  x  x* 

>-<* 

»*/5  C5t/lX»  o 

•  •  • 

XO  O  L3* 

xz* 

o 

miu<\j  •>(/>•  • 

xux 

x 

XZ  X 

ft 

z 

-J  X<  XX 

ft— ^ft— 

z 

Zx  X  <* 

XX* 

•-  wo 

o-i  ii  *-*3:x5e«— 

XXX 

—ft 

— i-  a  x  *x 

oo* 

X  X 

*-<  x_ix-  <x 

XXX-  1- 

X 

Z  X  zx  z 

ft 

z  z 

X</5<—<.  Z 

A 

</5x  — aX#x 

ox* 

^X  X 

-4  </»X« 

OZu.Z->  ft- 

• 

<x  go  Xft— *  x 

Z3* 

•Ox  -J 

X 

CLZ<  •  “9  X 

X 

x  <  x  o  o 

X 

II  xx 

o  : 

XXXX-  a. 

X 

ft-  o  1-  *  XZOX*  X  II  OI» 

UJOLL 

ou _ ilu  zx-  -  • 

o 

■OhZUHflaui#  3*ftU(3#  at  hZ3 

"J_IX«- 

<UmJ  —  X 

X 

X— zxxz  xo 

Q>Xft-X 

»-X 

LU 

•OOxxXx*  X<x<*  X  ftOQX 

X*— O 

X 

OX4J>3J*3W  *  XLAX-ftTO 

X 

o«  a— 

ft— XX  ft— O  OX  II  Cl 

Xxxxa 

o 

O"  LUX 

LU 

XXft— X  — * 

z* 

zxx 

x 

-J  X_J 

z 

X  O'-  *  x- 

x<* 

•  ft-  *• 

ft— 

ZZZKX  X 

-o 

-  JZZ 

X_J_JX 

X 

•-►-►-zxxz*  x 

* 

ft-ft-X 

□  JJOQ 

o 

XOO-  ft— *-»QX  *  QXOOx 

a<r<<xz 

a 

XXXX  XX  vtzo 

ZXXXX 

juulooi 

X 

QcOXXQgOX  OOXX  *XXX®00 

z 

* 

X 

* 

X 

* 

105 


* 

# 

-j 

H- 

rvj  X  — 

* 

-co* 

• 

CO 

#</>•*-  — 

—a 

QC 

Ul 

#  -J  OXt— 

* 

3-1* 

z 

QC 

—  •  •  »xx 

co# 

UJ# 

to 

O 

—  CO  UJ4  •< 

3 

X— 

X 

u. 

k— 

—  O  UJ  »co 

X* 

K-UL* 

UJ 

Q. 

—  -r  ac  uj  •  ii 

I-* 

—  * 

u 

-J 

>-  ZC-K-UIUJ 

X— 

z 

UJ 

• 

<r  i-x  oeuico 

«-0# 

3* 

< 

o 

V 

1  co  »OK— QC— J 

3# 

UJ— * 

I/ll— 

Z 

V- 

>•  _jO«TZ  1-  . 

-J 

z  ► 

UJI/I 

< 

— 

—  »Z  •—  n  ® 

UJ# 

— * 

JM 

K— 

-J 

+  <— UJO  H  X 

— * 

-13# 

COO 

CO 

— 

<M  UOUJ-JOO 

u. 

— 

— 

CO 

*  <-iccuj-ico»- 

# 

—at* 

—  x 

O 

O 

#ZUII—  »_JUJ 

-5* 

UJ* 

aC— 

z 

— V»—  V<  »-J 

— 

>-a 

<a. 

—  >u  ga 

» 

ZaC# 

>-j 

X 

X 

—to  Z— tJ 

UL# 

— o* 

• 

9 

— z— z— > 

o 

at  • 

ac> 

at 

Oco 

X— O— V-Z 

* 

O.X# 

UIK— 

z 

asv-O 

<o-jv  i-  ii 

a# 

— # 

(J— 

CO 

Z<Q 

1  -J>uJ<>- 

3 

►ac 

UJ-J 

vs 

xuj<—  uii— co 

CO.J  *  — —  >■  -_JUJ— I 

«*!/>  —  >-  X  _  _J  • 


Ooc  O 

Q.Z 

—a 

□u  -  v- 

u.  —  >—  < 

-JUJ  « 

•  # 

z 

_J  •  UJZ9L 

»>—  —  > 

_J>  <* 

U.U.# 

co 

CO -IOC  Ooc  • 

V-  —  -X  — 

o— UJ  UJ 

oo 

<  « 

UJQZUJOSU. 

oc  «xx<o  1- 

ULUlZZ*  Z 

•  * 

Ul 

ZlLcOZZI-Cl  • 

•ox<  ulema 

(  J— K— #  — 

roa# 

JQO 

—  —  Ul  lOOWI  ZZ  UJ— 1 

COUJ-I—  —I  Z3 
<QC  X*  U  3*  Ul 

H-  *  l-ZOoC*  1-0 

uj  3ui  3—c-O  ac< 
zoa.2  ao  #oa 

mZH"<  !■*<— 4^*0. 

_J  3-1  3UI  LUX 

V-O  Cl  It  O*  OCui 
•JX  —  Z*  Z 


— 

— -  — ^ 

-  z 

z 

K- 

•  3 

-  K— QC 

— 

OLZ 

a 

aC3 

H 

— — 

— QoC 

o<v-a 

3 

XaC 

xza 

ZK-UIZ 

o 

COO. 

l/IUIU. 

UICOqCUI 

QC 

OQ®  -JCO  -I  -aCO  ZZUltu— 

coz  iu  <  >  zn  ti  ii  iuuj»a— .  o 

Z  II  UK-  OCI-  O'  >>— •— -J— X 

>  »  OUIH3  «0*0c0l0tu— OO  •—  II 
—  ifl»aazra.X(jM-jjuoi5  v>  11 
CL  •  LhXI>  O'  •  >Z  vOCOt— V-  I/I 

-J  •  (VI33J  CCO  CO  «X  >>UJLU*— i—i/l  _J 

—  XUJUJO  Q<  OU^CUUIUJUJ  -J-J-IUJ 

uj  zz  — 'a.  luo  ii  — co-g-Joeae—  •> 


*-■—  ocaz  a  x 


— fc-K-O 


jiix2 

J  K-t- 


106 


l 

1 

00 

— 

3 

<M 

eg 

O 

* 

* 

-J 

* 

* 

-1 

— 

— 

o 

X 

X 

x 

X 

X 

. 

• 

00 

CO 

CO 

< 

. 

• 

a 

X 

X 

00 

z 

z 

Z 

a 

_ 

< 

< 

a 

X 

00 

* 

» 

a 

LU 

> 

X 

X 

X 

a 

X< 

X 

X 

z 

Z3 

• 

« 

»— 

oO 

LU_J 

< 

< 

UJ 

00 

> 

o< 

* 

« 

o 

UJ 

> 

* 

ae 

X 

X 

z 

X 

X 

00 

UJ— 

Z 

z 

< 

< 

M 

X 

0.0 

< 

< 

X 

Z 

-J 

* 

•  • 

— 

oo 

— 

Q. 

— 

t-o 

N. 

— 

a 

X 

— 

oo 

** 

**• 

a* 

ae 

— 

— 

LU  II 

* 

* 

»  . 

o 

to 

X 

ae 

* 

* 

X* 

o 

* 

Ok 

LU 

UJ 

•* 

u 

O 

> 

A 

u-z 

o 

o 

QC# 

l- 

X 

• 

ai 

z 

z 

z* 

V 

a 

m4 

liU 

< 

LO* 

»  >» 

■>■ 

1 

Za £ 

X 

X 

* 

X  < 

■« 

4 

mm 

«UI 

00 

vt 

-J 

00  oC 

ae 

mm 

oa. 

— 

— 

•* 

ZLU 000£ 

ae 

—to 

Or 

— 1  .LU 

3 

a 

at  . 

UI_IUJ< 

< 

—  >» 

UJXO 

— 

— 

z« 

>«_) 

—  * 

a. 

“i/IZ 

a. 

x 

LO# 

M<ace 

> 

XLO 

• 

>LU< 

• 

. 

** 

a— <iu 

00 

oOX 

•> 

a 

aex 

o 

o 

— * 

*01 

eg—O— 

> 

>x 

u* 

X 

i— C3oo 

*k 

— * 

oC'XQCiuujuj 

< 

<3 

>— 

UJ 

L/» 

OOLL  — 

. 

. 

— 

3 

0><k-kUM 

3 

30 

1  — 

mm 

> 

lu  a 

o 

o 

o 

Z 

u.  >z-*— 

-J 

-1* 

>— 

* 

< 

aex 

o 

n 

z* 

M 

ae  —loco 

<T  . 

II  X 

mm 

X 

Oui* 

-1 

_> 

•  . 

O 

isilu_J  03 

LO  . 

X 

-J 

X_l 

* 

* 

LU* 

-j 

3<_l«v>. 

X 

> 

»-> 

< 

o 

o 

a* 

LU 

ZUJLU<— — 

a 

O— 

> 

x</* 

-j  z 

—4 

a* 

— 

oxoez>> 

— 

k-a 

•  > 

UJLO 

-iOlu 

1 

1 

z* 

> 

mZ  Oat  at 

a 

ae  . 

X  1 

LU*-< 

■J-J 

<  «o 

•* 

kMI/lMQO 

o 

o>— 

JkJZX 

out 

ooae 

Hh>p4NUJ 

>■ 

<  <oocQ£noozooz*-— 

04-1 

>> 

LU 

♦ 

•o# 

>00  z  .  •>  > 

►* 

oo>— X 

uo 

muo. 

oocoooa  . 

X 

iu<»-*aiQQ<  u  u  Xw 

XU— 

z 

O-l  • 

LO#00*Z* 

_J  LLX  J  J3  3 

* 

— 

■»  • 

.  k» 

0*0*  * 

z 

uj— i  *—  •  ijxj>»  • 

O0. 

-XX 

oa 

0X00 

JJUXX* 

UJ 

•mQXXm^ 

-IT 

n  xi 

—  » » 

X 

ZLU 

• 

•  • 

•x* 

> 

LUX  Of  1  1  1 

.3 

a—*. 

— XkJ 

LULU 

OLuiugC 

xaxax. 

— 

XZ  •— XV— X— XXO 

_j— : 

x«t 

-Jk- 

•JuO 

ZIUZLU3 

3300  — 

il  uj  it  ujoo— 

L-  — 

•LUX 

O  OCX 

— ae— ae 

a.a><— x_j>_j— x 

Z— X— 1 

k&UlO 

«/»  H 

LOUJ 

_IU._I4.UJ 

» 

XX  -  U.X> 

-l  .-»3  •  •X—  u  _jZ 

-1 

il  _ia.  H 

II  *  H  »Z»«  X 

LU 

O  M/tL/t  #  » 

X 

>  x— oxu  »ae—  x 

•</l 


no  in— *•  a£ 


eo-j  t/>eok-oo  — «t 

LOaeujlOOaeiOO  •  •  •  •  -  k- 

□u.  >oolluuC  aeoceo— •»  -  oo 
-jooo_iOooaeOooz*Z*  # 

— z  3 a3>t/>oooooot-  o 
-»>  _l  >x  <  Q  az  Q.X 
-I  hjh  kJI-OWOM  o  o 
<u.uj<aiu.ii.Lu_jujaujoe*:  ooz 


LU 

at 

o 

x 

ai 

z 

3 

O 

ct 


U>X<UUt-QI-0  II  W-XDXKOU.M 
—  -  zrutMUfw  O—  Q  |  x 
O  *N-33J«ja!«  »Q  X8.kh-KZ 
t-x  *  •atat  O  3*  n  zi-  huh  -jujoDoe 
->ZhH-Z-Z«  D  to—  _l  3 
LU»*3**  whQN-XCI*-  — k- 

ZwXQ»iik|-KHI"  «Z  C’tUU.lU 

—  II  II  JOJOZ3  H  H  k»l-k-  oo  at 

x  lulu  tux  >  30  ujiuujx-jx 

3ZZZ«*-xx»q^njjjj-*uj« 


3— ■  «i m  ni  <i 

xxxxi-t-  k-t-i-at 

•  luojujujuju.ll.xx'jjujujo 

•  OQQJJkwMMjJJIi 


a. 

O 

3 


107 


OO 

UJ 


CD 


3 

ta* 

O 

(* 

z 

u. 

< 

o 

X 

OO 

> 

-1 

3 

•-* 

UJ 

k> 

> 

-J 

— 

UJ 

< 

u. 

OC 

UJ 

UJ 

z 

CC 

.J 

X 

►» 

> 

Q 

wo 

H 

o 

-J 

< 

•< 

— 

UJ 

to 

oc 

z 

o 

> 

OC 

UJ 

z 

►- 

3 

X 

Z 

CO 

1- 

►- 

1— 

M 

*■* 

Ul 

o 

UL 

> 

oc 

z 

t/> 

UJ 

o 

> 

pm 

» 

mm 

— 

> 

H* 

1- 

1" 

— 

•* 

2 

UJ 

z 

WO 

o 

KJ 

— 

<* 

rvl 

u. 

—  Q 

O  V 

o 

•» 

to 

</>  z 

a.  «f 

wo 

>.  UJ 

o£ 

MM 

M— 

v-» 

> 

— M  — w 

•too  c e 

UJ 

— M 

2T 

•» 

</l  t- 

UJ  < 

— ru 

* 

z 

”S  «/» 

Z-JLO 

UJ— 

1— 

tO 

•■M  MM 

ouaujx 

ink/* 

J 

• 

u. 

a  > 

1- 

XJUJ 

— O  </» 

OO 

h- 

CO 

MUJ  UJ  Z 

— — coo 

00'S.  > 

>•> 

rsl 

1  OO  UJ  1  aC 

O 

ox<uj 

o—  < 

<— 

•» 

> 

UltoO-JOOl—  3 

z 

<— •- 

S>  X 

X— 

• 

lOKUJJN  — 

— 

*-»«Z 

— 0 1  _» 

-J  — 

UJ 

WO 

_|X  UJ—  UJ 

o 

X  <— 

>o  < 

<!*• 

NJ 

uj— O  »  aC 

-1 

o_j» 

aC® 

o  “ 

*■• 

•» 

♦  UJ  Zt- 

UJ 

— <  -j 

O  M  x 

X  > 

CO 

-o 

aoxc*3 

— 

uiuix< 

aOO  O 

o— 

» 

K 

X 

UJNUSOUJ 
^  -O1-U.C0 

> 

XXLUZ 

oo 

•O  —  —X  • 
o  .OOX</>XOX 

u 

• 

OV.jUJo/1-J 

> 

UlvOUJ— 

J»UH5— 

WO 

ootfiot— uj  « 

UJ  <1-1/1 

uj  •  <Z 

•«z<*— 

ac 

» 

J«  >  O 

03XOI-—  z 

o 

OC  zz 

LOX  1  X 

x  oo 

K 

z 

1—1— UJ 

— J  1  J  HJ  C  Z  • 

•» 

NJ 

*T-t-UJU.a  II 

< 

X  X 

UJXX 

<«  — 

o 

* 

O—  M  »3 

UJ  •*/>— 

—  X 

vi- oo 

PSJ 

UU.Qx7Hh 

X 

h»—  «3 

z— — . 

— O— 

UJ^ 

•OU1— UJ3 

-»ar  i 

tCU.IL 

-J 

z 

ISjM 

ox  i  TOCO 

z 

a  *■_<— 

3  •  iHKK  1— X 

UJ 

MU. 

U<v-k-  U. 

UJ 

x«/>  - 

1-00  UJ 

UJ— N 

> 

wo  to 

Inn  h  o  «/i 

> 

a>“Z< 

UJZZXOX-J— 

M 

•M 

IS)  INJ— 

— 

u  *  • 

<*33—  < 

—  • 

'3 

<M  tt  UJUJ1-  > 

o 

oovoo 

BLOC  X 

>oc— 

u 

OJ3H 

ox— < 

OkKI-Ql-QO- 

at 

iuu-  nji- 

IS) 

*—  •  » 

UJ— 1 

Hi**  • 

UJ 

X 

OlOl-lMU.  ui 

UJ 

k-X— 

&+  ♦— jaC-jac— x 

> 

hh 

— «/*»/K/K/».J 

UJ 

u  —  • 

UJ  W3 

0—3 

O 

•3 

at 

z>  *x 

•  ||<  iMZi 

— z  o 

* 

ooo»-iu>»r- 

K 

—  *USO<« 

1— 

Nil. 

x  ujuj  a 

KX— Q 

JIM  l 

K1--J1- 

UJ 

«/»UJ  t»  HU.LU 

UJ 

3 

II  UJ  jOjO  UJ 

Z 

ujm: 

ZlL  UIU.U.UJ— ^ 

z 

QlUUJUJ 

>x> 

X_J 

2> 

—  — 1— — — J  o 

— 

XZZXl-O— XXW— 

h- 

wo  LUC) 

i— 

1  |WH« 

z  — < 

■3 

VLt- 

l«J 

o 

U.U.U.I—  — — 

00 

O 

QC 

UJUJU.  0® 

QJm  UJ* 

o 

X 

•  UJUJUJUJ1UUJUJU.U.U.U.U.-I 

•  aao  j— uj*— — — uj 

108 


UJ 

O 


UJ 


Z 

N 


UJ  — 


a 

UJ 

5 

4/1 

o 

%A 

o 

o 

t 

o 

o 

Z  o 

z 

o> 

o>x 

KXI 

► 

LU 

]J 

Q 

* 

aox 

X 

</> 

rs 

ox 

o 

X 

X 

# 

a 

Xk 

to 

X 

5 

•oo 

o 

o 

U. 

o  ooo 

• 

a. 

-J  •  • 

X 

z 

o 

#  UJXCO 

CO 

3 

UJ 

X 

X  OUJLU  'NJ 

V 

o 

• 

CD 

►  KJVU  • 

• 

V 

o 

o—  • 

•  ©UJ 

X 

1  _jOO 

z 

o 

a 

c 

•  4/1 

•  MM 

o 

O  CD'u^k  O 

c\l  O 

• 

♦ 

LU 

o  o  o.  • 

wo 

oxo 

X 

•  — OO  UJX 

N  OCO 

J(S> 

(M 

X 

to  zoo  oca 

• 

•  K4 

* 

*/> 

^ 

0X0 

X  X 

• 

UJUJ 

♦  XcD  O 

ox*- 

<o>.o 

— O 

o> 

ON  OOO  N 

•z 

XujX 

U> 

too 

•  ujj—— ooo 

4*— X 

>*JM 

—  # 

xs 

ooo  ICC  OOVUI 

sox 

Ul— * 

ox 

—X 

jjdvv  •  •  o 

►o> 

<*UO  • 

UJO 

at 

N  *UJUJ  X00— <  • 

o  a 

o 

— oo 

•  M 

xo 

X  JO  ♦  ♦  UJUJ  O 

XV* 

>» 

O  1 

o— 

>UJ 

o<az—  jxjxjqo 

h»UlQ 

X 

ON  N 

XUJ 

oe 

OVQCO  •  i>— o< 

OUJ 

X 

1  • 

QC*< 

•  3—OOXU) 

1-  o 

o 

M  OO 

» 

UJO 

tst-h-  *■ 

UJ  o 

X 

OO 

> 

oo 

arxiuiac  n  n  ♦  ♦ 

o  o 

o  •  • 

<  a 

UJUJ 

UJOCO  V* 

at 

OOX 

V.O 

O  OOOO  UJ 

o 

• 

•z<e 

L0  + 

Z  O—  O— O-JOO  o 

V) 

o 

o—  >• 

> 

O  oo 

zx 

oz  ooxosxcd 

O  *UJ 

M 

*m  ¥m 

V-  * 

UJ* 
oo 
K 
-»# 
O— 
Mt  t«JU 


-JO  OUJ 

O  — -J  UJ— O*- 
♦  UJ  — o  »UJ>X 

o  •>  o  »u 
«zoZu  xx  « 

— 3zo*-  XQ.-u- 

•UJO  h  uu  n  N  UIV* 

Tac*-  o  oui 

SO  Ov.  O 
—OJ— —  XO» 

XUJ  Otuj 
(OKI*  Ot-V-  VI 


i/io— »-  uj  aeocoo  »o.nac 

4ZWUJU)  UJU.U.  —  O  4  OcJX  O 
>-3000000ZXO''ucO  *X3  -J 

o  »0  ——►'l-  *#>XOCT  • 
v-ac  X  *o»»  x*  «  VI  4 

a  XXO  **Jsl  *  X  VO  CD 

ujo  cd  —  o  —  x 

OUJ  I  V4UJUJI/II/I  I  OO*  OCX 
ZXHO  UJJJJ  «_J  -JO  — 
•UJX  M^Qh  •  11^4  •  •  •  Uj 
u  —  jzt  •  •xaonxruxik  o 
— oo  XVOOOU  *x«  oOo 

*UJO  N  CO  XX*  xnx  • 


UJ  UJILOUJUJU.O 

z 

* 

UJ-J 

Z  OOHUJJOXU 

at 

— 

Z<J 

z 

as 

V— 

“*< 

*•  at 

gv-3 

3 

u. 

uju.O 

OUJZ 

o 

UJ*  • 

O— UL 

ooCuj 

at 

o«  • 

XV*  UJ 
UJO 

V--J 
UJ  • 
-J  o 

a 

— UJ 
I 

M  o 

H  -J 

o  • 

_  *OoX 

OOO  XO*OOXX*JN  JMOOO  'D 

•dM  -jOV-t—  NO  o  •*> 

2440190  NO  UlliOiavXiS 

O  *—  •  UJ  OOO  N  N  oo  •  OOUiOOOU. 

Q  xaeoxo  too  o  ij<o  •  o— — 

o  XnCjvm  •  »ooja  iitjujaooM 

—  »— U.  ijUJNS JJ  *OXX  J— 

uj  ox  >nou  •  •XXasQOS*  •  *v*uj 

— AX  — —  <CO(Bca>  <<1IJ4<UJJ 

>X(DJIZtNNNX<HJZZO)eJ 
x— J-i—  3  xx  ujuj 

UU  Vi  »■  UU  I  »h  ugu  oot 

UJUJU.U.U.ULUJUJUJUIUJUJUJ*  JJUU  jm 

-  o*—  ujZ 


109 


o 


— 

X 

-j 

> 

wo 

a 

. 

o 

UJ 

i/t 

V 

i/ii/i 

— 

— 

H  -J 

® 

-JO 

at 

® 

. 

• 

.  . 

3 

—OX 

s/i 

o 

XX 

z 

z 

cludm 

X 

8« 

UJ 

— 

. 

UJ 

x> 

V 

** 

->x  . 

X 

X 

w 

O 

Wl 

UJX#  v 

® 

X 

—  m 

1/1 

-i 

♦ 

•a.  wo® 

• 

—  — 

wO 

o 

. 

o  -1* 

CO 

X 

—  n. 

-J 

. 

q 

VV  .wO 

-J 

X 

.  . 

. 

V 

CO 

UJV-J 

. 

o 

— 

> 

M 

® 

1  -IX  . 

V 

*3 

1  1 

— 

O 

cu 

Q.X 

X 

s/1 1/1 

— 

II 

WO  1/1 

z 

Z 

• 

s/i  ta 

a. 

-J  -J 

s/1 

— 

X 

-i  ♦> 

.  . 

® 

— 

-1 

.  . 

X 

_j 

3 

•—  Q 

♦ 

XV 

o 

I/I 

« 

a.  a. 

V 

o 

XO  3 

oo 

-J 

a 

UJUJ 

— 

® 

V— OH 

CSI 

i/I 

1/1 1/1 

— 

. 

UJ 

w 

3 

N 

— -J* 

• 

o 

— — 

— 

a 

V 

s/ll/1 

OUJ 

n  cu  .i/i 

• 

.1/1 

wO 

1/1 

X> 

wo 

VWO 

O 

•9J 

S/1 

XJ 

IX** 

— 

« 

X 

o 

a. 

V 

— 

s/1  vs/1  .— «j 

®  . 

— trilTI 

-J 

o 

oo 

. 

X— 

— 

-JVX  Vs/O  • 

►  X 

CU1/1  *  . 

z 

a 

vv 

> 

-j 

-JU4 

UJ 

.aaiv  jvs/i 

>.® 

—OOO 

s/1 

— 

V 

o 

UJ_J 

•  -J 

. 

V  V® 

•®  _/ 

— 

LUV 

MX  L  * 

-1 

s/1 

1/1  s/1 

— 

Xuj 

> 

V 

®  H  *  • 

<•  . 

WO  — 

s/1  s/1  s/1 

. 

-J 

1/1 

-J-J 

V 

UJ 

o 

T 

s/1  L  (Ol/IO 

— Jl/I 

— UJ 

0—0-1 

V 

. 

— J 

.  » 

• 

X 

I/O 

M 

vs/l  J 

x  -jo 

•  _l 

wO— 

XV  •  . 

M 

V 

. 

Oo 

1/1 

VO 

-1 

II 

UJ-J  *s/l#  •* 

X  • 

'J— 

—XXV 

— 

O 

O 

zz 

-J 

o5 

UJ 

M 

-J  •  V_|OOVS^ 

XX 

S/l 

VO— 

— 

z 

— 

. 

UJWO 

«** 

OUJ 

VV  .-IV-J 

*x 

■  O 

— 

® 

— 

XV 

X 

wo 

o 

tO# 

oo 

VO.X 

•a.  • 

©* 

1 

O  »** 

c 

— 

X 

o 

o 

OCX 

z 

-J  * 

•  -J 

a  xv  x 

•o 

s/I 

CDQlUUI 

UJ 

XOQ 

— t 

CUO 

— 

•to 

XUJ 

+  *«  *x 

IN  • 

-1 a 

•  JIXIX 

— 

-1 

o 

uiOO 

vx 

1/1 

V-l 

a 

* 

— <M 

. 

O  .— 

X 

•  Q 

XXX 

z 

Zui 

</» 

M  | 

s_)CU 

ouj  s/i  o  *  mo 

V— 

um 

■J  VI/1  s/1 

o 

—  X 

X 

H*OiM 

UJ 

► 

-J 

— -J-i  » 

•  .CU— V 

-••Kill  ec 
VO  I  v  V  CJ 

J.  zzzz  * 

ujv  •  *®oo  V 
J  Ml  <  •  'J 
V  K>QO 


I  V  V  O  •  -J 

OS/H*  1  Z  X 

jjQO  —  */l 

•  «®aQ  >—  -j  s/i 

9®  <  •  J  M  .4/1-J 

OOO  0..J  • 

»— _J_i  s/1  —  CU  •  X 

—  »  •  mi  l/l  V  O.  — 

slilx  v  •  _j  s/iui  a 

•  •  I  i  x  1/1  •  >»>00 

jos/is/i  •>•  -jar  covn 
'Zjj  ^  .s/i  ®  v  _j 
53  •  •  OK  a  <0  I 

c  x  as®  ®  o3  v-jo 


s/lOO 

UJ.JS/1 


a.  uj  juiq  o  iu  »  xiv  uj  oaijun  -j.j_jt/i 

X  vcucuu.  ®  -js/i  jo  •  i/i x  «_j  i  cu  •  «_j 

"3  CU  wo  a.  _J  •  oO  . 

“>i/l«/>  _js/l<Lr\j  •  *  aO.XO«3®XCsjuj®i/l« 

-j-j  &OMVI  _j  X  UJUJ  —  xwx*-JX*« 

1/1  •  •  X-J-J  _i  —  ®®  i  — *  *  #  #  #  lvi/i  l 

JXV  O  >JQ  —  —  VV  sJJS/11/ls/ls/lwO  VU.  <J(/1 

»—  oOUIZ  X  — O  —  XXwO  UJJJJU  •  .-J 

a  x  x  ox  »uj  .j  jx  •  •  •  •  •  v®  • 

UJQQ  x  X  OQ-I-/I  »0  4  IXXXXXO  (Kao 
vv  v  cOuj—  v  i/n/i  — j  —ai  xa.xx*x®00— «/) 

i/i  xv >i/i  s/i^— cuo  •  —x  a.  a.— <l  t-o  i  v 

v i/I i/i  n  a_j  •  v  ox— o  m  *  *  xi 

Jj&k3Uh  (J  »X  UJ  3U"  N  N  M  1/1  M  Jill 

V  «  *0i/>0  <  OO  H  JZO— •  1/1  -J  i/l 

ox vo—  x  ©i/i—  o  •  </i _j  1/11/11^ i/i 

UOjjoovi  at  —  vO  h  xui-j  •  jj>  j  ■  jjjj 
I /11/ls/l  •  -0090  N  *  Jh  Ul«  .X  *  «X  »0  •  •  »  • 

-J— OQOXj  UJZ  —  OtfUXKKOaOOCOO-iM 
•  — —  UJ3  N  c/1— — <N— OXXUX®  ♦  l)4fl(/IV)i/l 

&OQ«K  X  Q J  •  X  X 

lUOQOOMOUM  V  lfOM>  WVW  V  V  V  Vv 
—  XX  m  JZUJJ  XOUJ  sJJtLCUCUUJCUCU  CUUIU.UJUJUJ 
»/»  O-  •—  X  .i/l—O  JJOJJJJJ  JJ-JJJ 
CUXUJUJV  ©SLO«/1_J  Z 

1/1  i/i®  s/1  JUIthh  X 


OOOlO 

ZZ-J-J 

—  -JOT 

—  .1/1 

1 

N 

3km 

®  35 

N 

wxv 

a  xz 

CO 

o— 

•WO-J 

#  ♦ 

— OZwO 

Oo  * 

*  N 

—  X  -J 

•  V 

cUO  • 

v  VO 

vXVX 

OOsjO 

N  N  O 

i/I— 

•  •#  -*« 

wo—  i/it/i a  a,  c  ia 

-J  v  jjiutuOjf  Qi 


I—  JUQE 

M/1X1 

V  a.X 


•Vuj  .  »w  — I  •  OQuj  uj 
XUJ-J  X  V 1/1 1/1  IX1XJ  vu. 
«-j  —  xvo—  wo— 

V  UJUJ  —  UJ  SJJX 

co®  vvvv®  i/i  ® 

U.  -lUICUcuUJCUOU.  o  uju. 

—  ujX-J-jo-i»  —  uj  X— 


JU.JUiQW1KlQUi>  UJUJ  CL  3 
ui«uiz3>g9ZZJXJj-u 


v  X 

•  uju.  a 

•  -J— IL 


110 


OO 

O 

ml 

* 

a 


o 

o 


Oil 
UJUI 

X* 
uo 
•  • 
aiui 

tOI/lt/l  UJUJ 

ZJJ  «* 
to  oc  tutu  ►-*- 
ona 

.ju.  </>»/>  _j_j 

uiuiuj—oa  -i-j 

4^-1  <4 

-j_jac_/  •  •  uo 
UlUjMaOOS 
X 


oO 

00 

-J 

UJ 

• 

oo 

• 

X 

UJ 

UJ 

.J 

(MoO 

a. 

00 

oo 

UJUJ 

oo  > 

o 

ml 

-J 

IS) 

X 

UJ 

UJ 

OO  J 

N  Z 

1- 

QUJ 

-J 

-J 

oo 

oo 

-J 

-*X 

UJUJ 

a 

o 

il/l 

to 

UJO0O0 

oO 

ml 

-J 

OO 

-J 

0O_J_l 

ml 

• 

• 

Z-J 

• 

-JUJUJ 

• 

a 

o 

• 

oo 

UJ 

« 

z 

z 

ooo-joouj 

ZZ 

u 

4-Z4-UJ-JX 

£3 1  ii'1* 

M4 

a 

o 

z  *x 

Z  •  • 

X 

4- 

4- 

OOM—XO 

4- 

o*- 

000.3 

0— 

a 

o 

ae  •  • 

X 

09 

C9 

•  OU)  • 

oxo 

a 

4-  JZOC3JM  H  O 

oOX 

aooo 

ooo 

tsoo 

•  •  • 


V  m 
X  -J* 
a.  • 
X— 
M 


OO— X  • 
-JX*X 
•  *1/100 
VUJ> 

x>  •  * 
a  >»i/> 

I  XJ 

4-  a.  • 

UJ00  > 

•  * 

X  001/1 


OOO  t/1  t-JO  Z-JUJUJ  .OOOoOot 
J  O  *UJ  iZjOJ  _K9 

•  ZXX  */»XtJ  UJ4-  • 
x  ao  —a  *t/iutzujxoo 
a  vou  • 

u  •»  ai  4  u  •  vi  zx 

i-uj  H-aea3oo_i  4-4- 

v-  «_jaz  •  x 

-»  *■  uo  u.  »_j  uz 

UJUJ—OO  400  LUoO_Jt/OXlUoO  -4  Q 

-J-jc 9ui«/i  vijj  tu-J_j—ge— _ji-  uiuj 
tu-J  uj  »«j  at  *x>u.  •uuuiao> 
oOl/loOX  •  UJXX  4«<fiCJ  l/ll--«_)00X< 
^JJK4  flCUO  (_)  Q—Ulul  &3VI 
•  •  •  o  h>»»  (Zx  z>j  Oi— a 

rocjroat—  X  ujX  X  n  -j_iooq 
i/it/ioOtuX-JOC*-  X-  Q  ._j  z 

>4-_JLU  a  — (Z  —  XUJQX 

QOQO  Uj>aZ  ec  <  oox  •—  oo 

czOooo  jzi-aeO^ 

O  -JUJ44I/1  iKXOUiJ 


a. 

-4>-_J_| 

UJ 

44  •  • 

-4 

<D 

«IO> 

X 

X 

X  ol>- 

— 

o 

•00X0.44 

oo 

z 

>»_J(0  i/I 

_J 

UJ> 

• 

ml 

20.4*  • 

>- 

ml 

—  xi/ionx 

to 

44 

-J  H 

— 

X 

4  •  «X 

CD0OUJ>X* 

N  — 

UJ 

-J-JXO00 

* 

XUJ 

a  •  o-x-j 

OO  4 

4-00 

4->-  *  • 

-JOO 

— J 

>■  *iO> 

•-J 

(9UJ 

<a  mlCC 

V  • 

Z 

•M/l  • 

>->• 

— UJ 

(34mJK* 

— - 

>-J 

ZUJ44  •« 

4-  - 

— o 

OJZO*  i* 

UJ0O 

o> 

-J  *oooo_j 

mlml 

u 

X  OX-J  • 

ujuj  Q _ O  rururuac—  x  ujZ  x  n  -J-jooq  •  -  —xd)  »x 

•ijqzqqz  oOooooujx «iac>-  x-  a  ._j  z  x  •  a.  cl—  xxm 

ook3*-V'<  >4-_juj  a  — <z  -xuuax  -»*—  aiuj  wi#x>- 

>•>■  0_  oo  floQO  vux*  oe  x  oo x  —  oo  — —  ottt-ix  ooo.* 
uu0ct004joi  ZZZ  c t  *00(0  acOoocj  jzweeQj  — x  * —  4-4--J  .oo_i— oo 

(3000  »-J  XXXgCOUi  J  O  _JUJ— 00  IKXOIUJ  OX  •—  -ZZ-Xj  •*  — J 

OO  Z«M  •  O  >40  •  O  •  JMIU  X—  a-*-—  _J  XX  *XO  • 

•  *OUJ  •  .UJl/l-4_|  ■  •  i  -4X0  IM_iZ  -41/10  IJOZKOZ  00  l/l  •  •  —ON  a.  XX  #x 

•40  OC  0-4 UJ  K1J0002  oo  Ooo  J— O00_I0J00uj  XLU  vUmITHmUJ  u.  XCl  (NJOZ 

UJX  XN  III  44  UJ  ZUI  111  UJ  •  -JZI»aCtuXUJ  _J  .J^TQ  •  -Qh  — 

UJUJZ  — *•*-*-  N  •UJ— OU  JOM  N  «00  N  (DOOUJ  —  OOZOX  »X  OO  X— ■—  IN* 

<J_J  O-JOUJOO  UltS-JOUJ  4-  00  UJ 441/1  O-JZoO  U.  —  OO  N  44  Z3MO&I/I  00 

</)  m _!»/>>  oet/i  oojoo>  _joo—  •  _ioo  acoo  -  oo—  u.  n  q— a.o_;oovooo_j 

oOOO_jQoOoO  •  JXoOoOOOX-JO“«  IJXOI  Ijxxa  •_JXOU4ZOOC  —  •  O  CLUJ—  •  mJ—l-J  • 
-J_J  »Z_l_|OOoO  »00_J_(_j  »t9  X  »00  *  ijQH-4  .OUbOOaZO  «  *  Xuofr-  «  UJX  X  •  • 

•  »OX  •  •— OOoO  •  •  •CQO  XOl/l  Ot/1  —  OOXX  a  «-Z  — 4--J  XXNXXOOX 

—tux  -4<m  i/io*4i4ai  X  *  xoon-  xoou. 9— t to. dZMki/i  01440  *(M— t*x  a. af  (Jill a. 
WJXVK/lhl*  — l/1i/l(/IO_Juj4  J  N4  ml  mj  U«  UJ4VIOJ  f  UJ  XX 

O00U4-  Z  oo  4-  4-  04  •  X_JXUJ4»  *Z  N  OO  N  *•  4-  4-*-4-0- 

U.IL.U.XI^ULUJ_JUJPU.U.U.XU._J  U.UJO  U.UJ4  U.OUJU.  AUJ4>U  X3  X  UJU.UJUJUJUJUJUJ 


"  '  "o  ' 

9—44 

M 

< 

»*UJ«  M 

T 

JO*  M 
* 

•-J-J44 

-J 

-j  at 

3 

CO 

U.O 

Mi 

UJ 

O  0X0.  H  4-I-I-4-X 

a. 

• 

-  2 

X 

t 

• 

• 

O  XO  •  ojuj ujujQ 

X 

• 

•  o 

• 

4^ 

00 

UJ 

ml  Z-JX-JU-J^U. 

o 

a 

X 

o 

*•> 

> 

%  w 

o 

« 

M 

(9 

• 

• 

X 

a  "40£ 

o 

X 

• 

X 

09 

4/> 

O-  -  XO 

• 

m 

V 

• 

• 

• 

• 

4J»  •  •  (* 

• 

111 


wo 

-J 

-j 

u 

• 

> 

>- 

u 

at 

* 

wo 

wo 

-J 

.J-J 

• 

wo 

•J 

• 

X 

> 

(D— 

o 

at 

UJ 

< 

LUX 

* 

wo 

X 

isj 

H 

wo 

-J 

-J 

—at 

-J 

UJ 

< 

worn 

WO 

• 

l  > 

-J 

> 

UJ 

— 

WOO 

• 

X 

-J 

o 

-J 

CQ 

a. 

o 

— 

•UJ 

3 

> 

— 

cez 

wo 

♦ 

o 

UJ 

UJNJ— 

> 

• 

WO  •— J 

<M 

wo 

— 

-two 

h— 

* 

M  • 

.J 

X 

Ul-Jh- 

Ul 

* 

Ul 

• 

•X 

_J 

wo 

X  1 

u> 

3 

tt 

WOXO 

-1— 

•— 

■J 

Out— 

•wo 

t— WO 

UJ 

UJ 

wo 

-jrstwowo 

>_J 

X_J 

.J 

.J 

•—  -J 

at  • 

• 

a 

• 

Ow0>-  • 

*ar 

H  X 

< 

— 

X 

z  i  woes 

WO 

wots 

a 

UlUJ 

* 

— 

•/out  at 

-J 

woo. 

Two 

— 

X 

O-iXu 

• 

•O 

-J— 

wo 

> 

—  «Ovo 

It 

>  • 

•u 

UJ 

— J 

u 

<-J— 

a. 

—  «UJ 

a. 

• 

On  > 

— uj  a*-  laMvizwiiu  fM  tm  o—o  i 

VOvO  XJJ30^  wo  UJ  liZo 

•J— I  ♦  >.  — UJUJ  OJJ  U  J  l«2  wo 

•uj  luiu—  <*  *uj  jzu.m  _i 

Or  ruvovo_nnijen  .g  at  —  •—  >  • 

tuoui  *  -j-j  zo  a  u  xzo—  »> 

vO*.J  *  »UI  JO*  <  —  PM  t-o  z 

JOU  L/V3  »>»LO*-OLU  VO  —  — 

uj  •>■  _jwoui  k-ujo^r  o-i  uj  uj-jqcq  ♦ 

NU  *U».J  Z  •  <  o  •—  •  o  UJ 

UJ—  (MX  U—  VOXVOQ  3ZK  VOUJO  «/> 

-I  •  *  at  I  >-—*_J  JOQ.  WO  —x  V0_|Z»-  _J 

O'VUO*  *  o—  *♦  •  Z  —IUJVO  _J  •  • 

>  wowowo  Iwouj  3!  woo  «0_i>-  .yz<  < 

UW1KJJJO  »_JWOWO  -JO  «V0  .J  X<UJ  fsi 

Jt9  •  •  •  *X  •<_)«  •  Oj- _J  HZXZ  — 

o  •  arxo^xxco  *030  ujZuivo  ikt- a  h: 


o  •  arxcx^xxeo  *030  uiXtuto  Ikt- o  dzj  o  IZJ 
u.xuj  i  ura.  «  nj  *?«mj  >z  ata>  o  •  ~ 

Otu/i  a.  a  ujfsi  *  ar  wo  »  uu  hi.  luvo»»co 

I  J  N  »  -I  OUJUJWOO-J  N  3  UJ  JOK 

c»  »  m  _j«  n  o  jk  •  w-  ♦  ^ aezwo  »uju. 

UJ  H  X«/»  1/1  WOLO  K  WO  •  —ox  LUO— IMZVO 


UJ 

wo 

UJ 

o 

UO 

WO 

-i 

wo 

— -J 

-i 

• 

-J 

M 

"ts 

wo 

UJ 

WO 

Ul 

z 

-J 

ot 

-J 

WO 

at 

• 

to 

u. 

• 

wo 

-J 

— UJ 

CO 

c 

WO 

X 

O 

• 

O.CS 

3 

— 

a 

-J 

(S 

UIUI 

VO 

• 

> 

• 

at 

LJ— 

> 

O 

» 

O 

u. 

xz 

z 

ts 

z 

WO 

UJ— 

1 

z 

WO 

M 

o 

— 

-J 

o 

> 

-JUJ 

vO 

t— 

> 

• 

1- 

-JvO 

— 

— 

UJ 

t- 

®< 

•  _J 

o 

IS 

z 

o 

ot 

UJ 

woO 

>  • 

ts 

is 

_/•« 

-J 

uj-jX 

X 

< 

+ 

-13 

-too 

u  a. 

• 

• 

— ar 

£fl  — 

wo 

o 

o 

wo 

o 

Xwo 

<QZ 

WO  |  -J 

— 

-J 

— zx 

—  • 

UJ 

• 

UJ 

—a 

• 

at< 

•  l/t> 

-1 

CO 

co 

■u 

X  — 

o 

< 

Z-J 

M 

UJ  at 

>-JWO 

>  •# 

wo 

z— 

wo 

ZtS 

N 

X-J 

I- 

52JS8s 


JJ  «0  «X  •  <33  •«/»  KOI#  »- 


at  uj  • 

t-Xwo 

ock 

UO 

uj  at  -j 

UJ  — 

ax 

•J 

tS  UJ 

_l*  • 

VLUJ 

• 

ujuj— 

ar 

z 

X 

< 

52?" 

wots 

-J# 

(Jet 

u. 

—  WO 

•  • 

<o 

wo-j 

X«M 

ou. 

LOLU  • 

vox 

>  Z4UMOJZ tt 


arBeou.uio.aa.zZM  •tujoz— —  sz  uj«_jo— >»ujco-io— >•  v  a  oj_j  • 
ts  <  a  3t2  a.rzi-1-j  «*-_j  «  u  —  hu<umio 

—  —  — —  —  w-at  a  uj—  x—  x  <  ui  x— Z  _j 

U.UJU.UJUJUIU.UJUJU.UJU.U.UUJQ  OU.U.O  U.  -J  U.  -J  CO  JQUJ  z  WO  N  wo  • 

_J—  Z—  <Z—  <a-  22  "«C  "_l  _J> 

UJO  3  Q"  •  UJ  Z>wo  »W0  I(J 

Xt-  —  O  WO  UJ  -IK-I>Q 

X  X  _l  ZQ2ZUJJ  *U  »SJ 

VLUI  UJ  Q CJ«MZJt>2>£U 

UJ— Z  Z  0.0  *3— <u 

aC  0—0*“0u  Z^»o»i->m 

UJ"  *  •  QUlZUlQui"  m  UJUJUJUJ 

X*  »  -  -iat-  atato*  >  jjjj 


112 


"3F 


O 

z 

A 

o 

MM 

IS) 

z 

O 

ml 

MM 

-J 

• 

a 

UJ 

or 

-j 

MM 

IS) 

UJ 

> 

u. 

— 

♦ 

> 

MM 

MM 

OO 

IS) 

mm 

o 

ml 

vo 

• 

• 

-J 

< 

3 

• 

at 

u. 

CO 

IX 

* 

at 

VO 

m,lS) 

u. 

M 

•  ml 

UJ 

VO 

> 

-m  • 

o 

MM 

M 

1  > 

< 

> 

vo 

too 

at 

M 

ml 

-to 

Ml 

00 

00 

• 

•s 

> 

> 

-J 

> 

Xt- 

O 

UJ 

< 

• 

IN 

> 

o 

oo 

3 

> 

M 

*  ♦ 

-J 

-J 

IN 

VO 

MM 

►m 

UJ 

< 

M 

ml 

ISIIS) 

MM 

VO 

VO 

• 

ml  ml 

mu. 

UJ 

UJ 

MM 

-J 

> 

•  • 

00 

at 

ml 

o 

• 

>o 

ml 

a 

u 

MM 

> 

X 

oo 

• 

u. 

> 

MM 

t- 

M 

O— uj 

IN  > 

u 

UJ 

X 

00 

3*i/> 

*  O 

at 

• 

VO 

M 

mJ 

v-  «-J 

*  n 

O 

vo 

a 

-J 

VO 

• 

♦  (MLU 

00  ■* 

a. 

ml 

X 

• 

-J 

X 

CO 

-1  t- 

• 

• 

> 

-J  +  Z 

•  ♦ 

> 

it 

X 

> 

1 

•  ae 

>  VO 

M 

M 

ON3 

*  -J 

UJ 

VO 

1 

vO 

CO 

IX*  1- 

vO  ■ 

VU5* 

ml 

.J 

ml 

-J 

~*  UJ 

ml  O 

OOO 

• 

VO 

• 

• 

— VOQt 

•  a. 

mJUI 

• m 

> 

-J 

<o 

< 

*_l 

3  — 

MIX 

X 

h- 

• 

IN 

IN 

00  . 

O  * 

a 

MM 

X 

> 

M 

M 

— i>— vo 

vo  at 

z 

<o 

> 

V- 

vo 

VO 

•  190—1 

♦  ml  VO 

at 

-J 

o 

X 

ml 

>oo  »ui 

•  •  ml 

3  1 

• 

> 

• 

• 

I30>W 

VO  vO>  •  UJ 

H  1 

IN 

— 

OVO 

03 

< 

II-OZJ 

ml  -IX  — 

UJ 

vO 

UJ 

-1 

vu 

UJ 

•OOUl 

♦  *Ovx 

•  *x  & 

CL 

O 

o 

*  • 

IN 

IN 

cO>UJ3— 1-  O 

> 

< 

— 

— 

VlOQZ 

-1*100*0  — 

• 

a 

MM 

to  CO 

VO 

VO 

OO  •CO-JO-VO 

1 

OF 

a 

o 

-j*j 

M 

M 

-i  »oco5 

-J>-iut— -i—  *a 

MM 

•* 

VO 

VO 

•X  »-tt- 

>*  •  a.  »co  — 

vo 

MM 

*00 

ml 

-J 

*N»0  •Uitt^OZ  «XmJ«0 

OUI 

O-t 

UJ 

Cl.  ml 

• 

• 

•n*  >Qco-Ju.a:a.>  .-jo 

3 

o  •■ 

—  • 

• 

CO 

MNZ  VO  •  >  *<J5 

IO-J 

>: 

xt- 

♦  » 

vl 

o 

M-i-KJ  .»3X— UJ*X»- 

-i« 

VO  ' 

— X 

« 

< 

•  U.VO 

O  UJ*  XUO 

1  *  OOQCOOVO  Z-4 

•> 

-JUJVO 

VO* 

X 

X 

vo»— 

> 

•0-1— 

-1 

— 

1- 

-JXVO  I  t- 

•  ml  ml  ml  1 

O  *00 

•_l 

•  VO 

M 

M 

a 

•ZJ  0*0  IN  •  •  •  •  UN 

xoejo 

-1 

»-j 

•VO 

VO 

z 

>  »CO  , 

ml  ON**-  INCO  -J 

oa 

ujXujvo 

X  >OJ 

.J 

UJ 

Zl>Jo 

•  It  UJ  |  XlNJlO 

OIZw 

x< 

• 

• 

o  z  »vo>  •— tvo 

• 

VO 

• 

mj3<vo 

aovoz 

u.voo»_j 

VO  N  —  ■  N  >  •  ml 

0«coOuN> 

H  LUNJ 

IN-JOC 

.JIX  •  H  mJ  _J  -J  —  • 

ml*~  • 

t- 

H 

• 

w 

•  3 

i-  •a«> 

•vo  iovoujoh- 

►-UJ  • 

—  OX 

VO  VO  ocao 

Ul>—  -V)>jouj-Zu 

-jza.oou.-iL9  *_j  •  »vx  z 

— > 

mJVOOUJOC 

vuatuj 

o 

o 

•_l 

•>cx 

>vxat 

o  *-i  • 

•03  •»  ••” 

oOXX  I)  l 

>  *COOvO 

Ovo 

vloo  «vox  3C3X_jooaiu.vn.j  >  ixaiix 
•  Qeo>®>*— 0.0 x’jj* •uioXmjm 

t>3*— 
X>NvO  > 

^•Ml O 
>> 

a  <  < 

a.  < 

03 

1 

X 

>-J  1 

LU-J 

a*-  k  i 

3  — 

at 

OH-l- 

ml  < 

to-j 

3 

i*mit  ui  m  U4  uj^  uj  uju. 

-IIX-  UJ 

a 

OUJUJU.4 

-J< 

-J 

• JWJWJJJMJJM 

<— M  -JU. 

JJJMO  1 

JJO 

< 

113 


HUP/*' 


Of 

CL 

Ui 


<s I 

Ui 

Ot 

UI 

z 


*3 

O 

CC 


* 

vo 

VO 

— 

-j 

UI 

X 

UJ 

-J 

1 

> 

CO 

1" 

o 

< 

M 

w 

z 

M 

CL 

o 

X 

CL 

U 

z 

X 

vo 

CL 

< 

< 

X 

< 

UJ 

> 

w 

X 

> 

* 

u 

X 

— » 

o 

CL 

-1  — 

• 

* 

o 

UI 

<  X 

X 

vo 

» 

w 

O 

CO  • 

X 

m  a 

* 

a 

— 

UI 

o  > 

X 

#o 

* 

UJ 

vo 

h- 

-1  X 

X 

*  ii 

VO* 

at 

-i 

_i 

Z 

o  a. 

— 

X 

ss 

3* 

o 

X 

m 

-i  — 

* 

Ul< 

-j* 

— 

X 

VO 

-i  # 

* 

»o 

-i* 

— 

< 

<  — 

* 

< 

a* 

* 

z 

-  X 

# 

H  k- 

u 

w 

— 

■  • 

* 

CSUi 

— 

o 

UI 

< 

> 

-J 

M 

VO— 

• 

0t 

> 

-J 

h- 

w 

<at 

> 

at 

a 

-I 

UUJ 

X 

o 

X 

UI 

oo  • 

M 

U-J  — 

• 

>• 

*  Q. 

h— 

_j  — 

X 

a  CM  CM 

k- 

wot 

— 

_i  * 

1-  *  * 

X 

-O 

>- 

at 

M  — 

at 

3  — *  * 

V, 

XU 

CD* 

O 

X>  X 

O 

O  (300- 

— 

M 

w 

u 

ZQ  *  • 

u 

•  zatatcM 

U 

< 

>UJ 

►— o  y 

—  <au* 

U 

XU- 1— 

o  • 

vo 

>atO>»x 

vO«r 

m  —vo  vo* 

a 

k-<+M 

—  > 

VO 

>to 

ato— mo. 

2U 

m  U  — Q 

►— 

—Oh-  - 

Zat>- 

s 

<fUJ 

02  *» 

o< 

X  *>»vat 

•  3 

s  zv 

atoa 

O 

affr¬ 

aQ  vo>— 

-JO 

•  z-»— a. 

IAU 

13“ 

3Z  ► 

-J 

ay 

•  *«o* 

-1 

M— -«M(VVO 

1  1 

UJ  .O  - 

h-  — 

-1 

<2 

a  — 

Q-J 

X*»VO#  *  M 

II  — 

Zl-Jtx 

Ul>* 

o 

M 

-JX~atX 

U-J 

*  •  H  *  *  >* 

—  M 

— VO  M 

atm— 

u 

<Q 

•q#o  • 

w 

00(3(30- 

|  —  w 

— J— VO— 

UI 

uat 

>«**zv 

vox 

otinzzz— 

—X 

J«X 

X  • 

VO 

<o 

-at  vo  x 

< 

a.  i  «« 

X  • 

M  • 

HQX 

< 

aa 

>0-l>  - 

Z 

VO— «vOVOvj  | 

•u 

Z-»k- 

3“X 

o 

otz  •eo— 

MM 

-M  *  *  CO 

kl 

H-m*  VO 

a  at  a. 

M 

z 

a  <m  * 

O— U  COcOw 

mm 

Z  -M 

ZO  - 

“Q 

a swiwix- 

I  at 

uxui  * 

afw 

“Of  >-J 

—z— 

X 

-J 

«uor 

i-a 

UJ  •  J* 

ou 

acn— 

* 

u 

OUI 

O  — w  • 

MQC 

•4-  Z 

• 

<— at  -a 

atvo— 

M 

<m 

> 

_i— — atx 

sat 

OX  CMtM< 

MUJ 

atx< 

0<U! 

s 

UIU 

“5 

•*  *o< 

UI 

Zw  *  *  VO 

UI  • 

>U|MlU 

u  • 

atuj 

— 

X - Z'U 

VO 

UJ 

<N  *  ** 

—JO 

->  —at 

—  u 

UI 

-I 

X 

-vovo  a. 

•1 

ZUi 

—  ooo 

a 

UIX 

UO*  X 

z 

au 

—) 

uijjin  “ 

—I 

mU 

—ozzz 

— -j 

UJ(_)  •  — 

—  — 

M 

Z>- 

m 

N  •  •<— • 

w 

_IZ 

MW  l«<  • 

•  U»  N 

OO  ZZH  ♦ 

►-*-> 

-J 

«<< 

—) 

M>M  * 

X 

UI 

—IZOvOOOO  — 

OO  UJVOk- 

M  «*  O 

co_i  votovo— 

Z 

X  •<***OOUXm 

Z«wO 

M 

Ui 

o 

Cl 

•UM<<  *mm7  »W 

XVHKIJ3 

“5— UI 

>Q 

UJZI 

V  •  •  • 

VO  Q 

l-UI 

XXQwwCM*  #  Mhl 

OQZ  Ul  O 

(_)  *vo 

h— 

atZ 

a o: 

2>  *  **0 

< 

Zvo 

<W<  1  1  WOO  |  X  • 

MM3QCVOUIX 

ui  «o_i 

z 

LLI< 

0—0 - -  •> 

vo 

M 

UIU  at  II  H  H  X>  II  1- 

atatOO  > 

VOh->UI 

M 

vo 

VOX 

**###  * 

— U-J 

ac< 

a.  •>*—  n 

||  —UJw 

OOX  <atO 

3vo  -> 

at 

UI  « 

—  -atat— — — 

*  •_! 

O.U 

•UJOhmm— Oft 

ZZ  -XH-Ulh- 

— o 

a. 

CLlA 

>OOV)WI# 

wu.w 

< 

O  •Z’—WWMi 

>-0<V0 

Ojtz 

ILIUJmI 

LZJJ  twVO&ZX 

oO 

V(3<IIt» 

OOO  OUI— Q.  w 

a«/>a  • 

•  •  'KXJUImZ 

•a  ii  •  •  izxuiun 

HH  — UI  at  1 

□  CJUiLUO 

i-a.ax^xxjv)  • _ iqc  i 

UIH— 

OJOX»  • 

•otQOJ 

XZh  N  QV0UI>  •!-> 

UI 

XmmO(_5UJmO— X  II  Q“>Z3</>X  (I  ZXVXUOXhJI/) 

— M-O  OVO 

->-J  atu 

OZ 

l u_j 

•* 

xxXjXlJCih 

a>  <«va ,nx»c3  > 

xa>— 

UJVOUJXM 

Z_l>*-*>-at 

Z  UI  1 

q»z<q 

UUI< 

II  II  OmZ< 

>_|V0 

Qm 

MlU-J  mOUJUIUIUI 

ui atM<  w 

HI-  VOS 

<  “Sat 

OUJUlUl  u  < 

M 

-JUJZZ»»VO>l-  If  UIU.  _|UiUJUIlUUIUIUIUIUIU._l.^ 

X>UIU  -JO 

Z>at>  ' 

UIU 

3 

<Z3  atatatat<atx»*ath*X' 

■tat-J-i-J-J-J-j 

-J_|MUI< 

HMO(MX<lk 

o  ZMtfM 

a 

X  — 

QUlUIUIUI 

UJ 

X 

a.  x  i 

xazuui 

CL 

CtuuiXvovOvOvO 

vouat 

X 

Oataf  x  i 

0<  vovoat 

—  m 

OUll/IUIUlUIUJUl 

UIUIO 

X 

OOO  X  1 

OUJU-JUIO 

m  m 

ZOOataCatatat 

at_ju 

X 

-JUU  X 

-jatMuuatu 

114 


XXXXX  INPUT  DATA  SEQUENCE  ERROR  IN  COVER  ELLIPSE  NUMBER  *****  XXXXX 


<s> 


«■» 

< 

o 

</) 

CL 

z 

-J 

u. 

< 

X 

t 

co 

X 

CO 

M 

u. 

X 

QC 

> 

• 

X 

vo 

a. 

•* 

VO 

X 

-i 

u> 

00 

a 

• 

-J 

o 

* 

< 

> 

• 

* 

A 

•» 

I/> 

n 

* 

> 

CO 

M 

vo* 

* 

•J 

* 

13 

3 

<3 

• 

cO 

z 

o* 

to 

-J 

< 

-J* 

• 

Nl 

• 

u 

«J* 

VO 

• 

c0 

o* 

CO 

CO 

1-  OJ 

a. 

X 

Ul  * 

Q 

♦ 

• 

» 

_l  *  • 

V0-« 

CO 

CO 

zo 

<0 c 

VO 

K 

-J 

•— <o 

o 

o 

X 

• 

X-k 

> 

• 

» 

co 

— IMf\i< 

—at 

< 

CO 

«✓> 

o**>.* 

►o 

> 

_J 

1 

z**  • 

XU. 

• 

o 

<— *— 

II 

CO 

• 

vZZ  > 

< 

«• 

00 

LL"-"—  1 

Xi— < 

> 

VO 

« 

•  XX  il 

k-*f  + 

M 

-ICO 

00 

CO 

Z-rf«roi 

•—at— 

•* 

•_l 

-J 

-J 

3  Z 

X 

(3  • 

• 

• 

vO  <3 13*  — 

OX 

M 

>V0 

CO 

< 

ZZ3- 

ui  .a 

k- 

NJ 

II  <«UJ 

z>-x 

u 

l-X 

» 

* 

(3UX  • 

*-«3 

• 

Ul 

CO 

CO 

a— '»<o 

JHVI 

h- 

-1(3 

•J 

-J 

ZZ 

-J«X 

oO 

Z 

• 

• 

>-•<1  +  ♦  • 

— « 

CO 

Xi/l  -«l-> 

z— 

-i 

o 

vo 

Ui 

Ui 

<  IMIWWUJ 

l-M* 

—1 

J 

Kl 

H-***_l 

z  »k-a 

cOUl 

• 

•nui*  *  o 

~0£>Z< 

-J»-» 

CO 

CO 

z 

ata*-ouj 

•  > 

CD 

•» 

« 

X  ->-j< 

a  at  -a  at 

< 

IH 

00 

vo 

<  «IU 

at  xx 

(Dl3 

-J 

«i 

-  XX*  • 

>UJ— 

X_J 

* 

t 

• 

tsu«uo 

*3  *»  II  •* 

*  • 

cO 

< 

Z  I\\ZQ 

LUO 

VO  VO 

13 

o 

o 

<zoo<-*o 

ujo  •■ 

-»+ 

-J> 

-1 

< 

< 

-<ZZv 0  • 

aa 

ZZk 

• 

• 

X 

X 

QQ 

LU(3.-lk- 

VO  • 

VO 

>•00 

♦•CO 

mOUV)  •  z 

*z 

vOVO 

vo 

*-4 

W4WWNUM 

X>laMOj>3  k- 

_i  vo 

CO  • 

i/)  «o 

UIQC  X  1 

QQZ  Ul  1 

—O  3 

♦  »-J* 

ja 

-J<2 

II  II  II 

»«»■ « 

oacvoui 

•X  Q. 

X  vo 

• 

•oc 

•  Q£UJ 

o 

>  II  UllUUI'oCL 
•  •  •  «UiLU 

UOX»-  •<* 
iflxzx>xuy 
>  <&a.axx 

<Q 

3<k-k-k-k-k.|- 

•uiujujujujaiLu 
<ct  -i-j-i-j-i-j 


acocoo  >x  z 
OUX  <e£<-*0  <— 
ZZ 

a e 

ooi  quj  .«m  a 
i- 1-  hu  cti-  au. 

XZH  VO  II  Q 

3</»«  Qino 

xa>-j—-J  z 

II  II  0*-*Z<  i-uj 

<  M2HCt 


X>LULL  _JUlO 


a 
oat  a: 

ooo 

-JILU 


X 

X 

X 

X 


55 

%  3 
OuiH 

0*3  UJ 

-J3u C 


O  13X1313  <U.  COLL 

Ui  -I  kJHNVI  -»MvO 
X  iZX  •  wm  «mZ 

o  <lu  <tOoc>  9o(>ac 

•  X>aisiUiUJ  LULU  3 
OJ  wk  ><3  >Ok 

LU  II  O  II 130  Z  1/lOZUJ 

at  vo  _jx*“QC 

i”  vo>_jvo  •  a  •  a 

-jaj  <jw 

ui  .a_iuj  q_iuj 

Z  voaja.vov-<f»-'-ok-<-<vo 

—  X  0N<0»-®0» 


k- 

-i  -j 

<-l 

< 

3 

kJOk 

3 

o 

VU<OUlU. 

-J 

at 

JU4JM 

<« 

< 

115 


ROUTINE  FOREST  TI ELDING  FOREST. AT  Ob 


i/i 

UJ 


CO 

< 

at 

< 


> 


UJ 

_J 

< 

a 

UJ 

> 

0C 

o 

1/1 

< 

— 

o 

u. 

• 

— 

o 

o 

» 

♦ 

UJ 

z 

</i 

(O 

— 

_l 

o 

-J 

• 

t- 

. 

Nt 

< 

H- 

l*J 

. 

o 

V- 

• 

1 

i/i 

M 

—  > 

UJ 

m 

wvi>x  i/i 

ae 

rU 

-J-JX  •  _J 

a 

* 

•  *  «UJ  . 

u. 

V 

dOai  eo 

X 

x>uiaC  *st 

it 

• 

-JH*  — 

•* 

UJ 

1  1  UJ  » 

CO 

*"4 

UJ 

O  O 

o 

o 

at 

wwioz  o 

H- 

o 

— 

JJZn  — 

< 

i- 

•  •— N 

• 

< 

> 

eaaouHH 

H* 

a 

X 

X>._JUIX 

1/1 

ii 

UJ  * 

——UJ—  .  ♦’xJUJ 

ae 

-J> 

»*— >UI 

ae 

UJ 

ao  uj 

oo>  UJi/l  1  o 

i/i 

<-i 

oo  >ae_j 

u. 

« 

— UJ 

'  *f*  • uu 

_i 

oc  • 

<ZW 

o 

o 

mmX  +  rvji 

— UJ 

> 

>  -o 

Z 

-J-J 

-ae 

X  *o+  +ZUJ>  II 

• 

-tr 

ae  -oc  iu>x  i 

* 

—HI 

UJCO 

1/11/1  >—  iujQO 

mu 

on  n 

•_J_J— t3»Z 

•  • 

(MO. 

UJH- 

O  •  *11  UJ— r-JO 

M  1/1 

H<(00«  o0_J _ 1 

H-  — 

Z  *<3— X»UJUJ  •  II  UJ 

— Q 

UJUJ  H- 

-J 

Z  • 

o 


o 

o 


o' 

O' 


i/i<o  n  h  _iae  n  on. 

1/1  UJ  •>—  UJL-  •— U.l/1 

<QSL»  X>  NNQm> 

OWN  jj  Q<# 

— ULUJ  HI-JJ1-KN  X— 

ae  n  uiui<<ujujujil.j» 
ujujo  jjuujjj-<*  z 
ZZILM  ae 

—  an 

IL4HK  OHO 

UJ  UJUJO  OujZ 

oa-iu.  -Jieuj 


noc 

a 

Quj  -*  O' 

oh-  h-  O' 

Z  O' 

^■n  o> 

NX  O' 

!z 

— </im 

i/lO 

•  O' 

no  o 

u  mo  o* 

SN  O  O' 

V»s  (ft  O' 


116 


(1420, 0238, 0C9L,,  15 >,*TRY  ONE»,TIME=10 


oo  ooooooccooocooo 

f\jfO  aoa-O— <\jm.j-in.o— ooc'OOm 

OO  OQ>J»<»l'  *«  <  |  4  —  — M fNJ 

OO  OOOOOOOOOOOOOOO 

OO  OOOOOOOOOOOOOOO 

oo  caoooooocoococQ 

Q.a  cl  a.  a.  a.  Q.0. 0.0.  ix  a  0.0. 0.0.  a 


©ooooooooooo  oooo 

ir\vC— ®oo— coO'O—i 

fMfNjrgCLifsjrrif^f^mmrrtfCi  mm 

ooooooooooo©  oooo 

oooooooooooo  oooo 

ooooooooaoco  oooo 

a.  a.  a.  a  a.  a.  a.  a.  a.  a.  a.  a.  0.0.0.  a. 


o 

o 

o 

CO 


O 

o 

MO 

n 


x— 

ON 
<3— 

X 
ZUJ 

—  • 

xr» 
x— 

LU>  •  •  <  I 

—®  O  lOO 

»  00  *0 
a—  mo  »o 
or*  omao 

lu—  moOj 
U.X—  *P40  » 

zoo  •  •©  • 

0  xgo  «m© 

I—— 00  *0**. 

©uirno  »©u. 
ZHjainooo 
X— k-m  1  o— u. 

k— —  *  »0  »0 
OCLk*  «  «0 
flQwOomoN 
*  —  *oo  »  »— 
3B  >■  —mm  •  .x 
oomzo 1 1 oow 

JO  OOSSNN< 
as i )  OHnXvxvr 
QKZn  UlMaotUU  -J 
OnC*"*  ZX 

QLOXUJk-<  < 

U0lt>OX— —  — 

—  l/KL  —  <  < 

OO  •  o  o  o 
— iujk-k-  — <  MMrn 

XXCC'** 


00 

• 

O 

0 

UJ 

0 

to 

a: 

as 

a 

»  * 

— 

UJ 

«  • 

1/1 

> 

— 

X 

00  * 

UJ 

co 

00 

UJ 

— I/I 

oow 

a 

z 

X 

•  1* 

ITUTi  •  • 

U1 

O 

ox 

1  1  — 

H* 

0 

— 

5; 

—0 

*  ^  *  * 

O 

CO 

»»!• 

— 

as  * 

•  •  •  • 

z 

— 

00— 

O  • 

oooo 

00 

LUO0 

1/1 

0 

00  -  * 

II 

M 

k-O 

O 

LUO 

mm  •  • 

a> 

31 

as 

— 0 

l  000 

0 

<— 

a 

O 

<— 

»—  *  • 

OIZQ 

as  • 

a 

z  * 

UJ  <0 

•C5H0SW1  «OJ 

o*-*«qcqo— 
luxZOOuiuj 
XO— k-OO— </l 

—  OZk-<  _j 

ooujxozXooo 
ui—aoCooujen 
o<a_o  zz 
zuz  00— >• 

II—  —  k-k-000 

aj<z^  lu 

—  XUJor:UIUj:E'«_J 
0®xUar<t<— ■ 
CXtUlOCXX  — 

L0O-J— <11.001- 

< 

I  I  I  I  I  I  I  I 
LO  I  I  1  |  |  I  |  I 

z 

—  —  Mm^i/omf*-® 

k-— < 

a.k 
□a 
o 

v— — 

o 
a. 
z 


0 

0  —0 

0  0— 

O 

as 

MX* 

LO 

O 

UJ 

—  — 

O  • 

X 

m 

z 

00 

O  CO 

LU 

OS 

*  •* 

—  00 

0 

C 

0 

00 

0 

X 

►- 

0 

■*  . 

0  1  — 

0 

— — 

0  1  * 

z 

a 

— 

* «. 

0 

0 

u. 

—  UMA 

n  —  m 

-J 

UJ 

O  •  ► 

O 

—  * 

LU 

_l 

»  >>- 

— 

•  z  • 

© 

Mi 

— 

— ®UJ— 

X 

uj  no 

• 

a  as 

H/l  •  •— 

0 

z  —  * 

O 

UJ 

Q— UJ  «  « 

0—  XX  — 

—  * 

2 

—  —  300 

—  Z®UJZ 

LU 

xN&O 

UJ 

« 

—OOO 

00  UJ— UJ 

k- 

— OO— 

— 

—OOOO 

— CL  UJUI  a. 

< 

—  O 

< 

fM 

r-—  00 

OJZZJ 

z 

—  **  *4 

Z 

w 

— o<>— 

OUJ  —  LU 

0.-0— X 

M 

LTI—O  11  II 

UJ 

ILZJJZ 

a 

a— —0 

O 

O* 

— <UJ>> 

X 

X 

— UJ< 

X 

O 

OX  — COCO 

< 

J  j  J_J  J 

0 

— k-X_l 

0 

M 

<asu.oo 

X 

JJJJJ 

0 

—  X-J 

0 

W 

UJOUJOO 

u. 

<<«< 

0 

uxo< 

0 

u. 

asu.ox> 

OOOOO 

—  ZU.O 

— 

k- 

— 

— 

0 

0 

0 

< 

0 

0 

0 

a 

a. 

a 

k* 

a 

0 

OOOOOOOOOOO  "*0 


000 


000 


—1  OOOM 


117 


o 

oo 

ooooooooooooo 

ooo 

oooooo 

o 

ooo 

OO 

CM 

CO  O' 

-L(MPO«4-oinvOr~ooo'o-^(Ni 

m^m 

r~oo  o'  o—<\i 

<r 

■or-® 

©— 

<4- 

•J-'f 

in  mintnir in  mm  m  in  ^  -o 

-O'O'O 

-o-o.on-r^r- 

c» 

coco 

O 

oo 

ooooooooooooo 

ooo 

ooooco 

o 

ooo 

oo 

o 

oo 

ooooooooooooo 

ooo 

oooooo 

o 

OOO 

oo 

o 

oo 

ooooooooooooo 

ooo 

aoaoca 

o 

ooo 

oo 

o 

oo 

,  » I  --1  — 1  J  1  -V--!  J  — 1  mj—l  ‘_l_l 

OOO 

oooooo 

o 

ooo 

— 1— 1 

a 

a  Cl 

a.a.eLaCLQ.Q.Q.Q.Q.Q.Q.u. 

aaa 

OLaa.aa.Q- 

a 

aaa 

cl  a 

•  1/5 

1/5  QC 

UJ  3 

z  o 


00 

_l  z 

-j 

o 

UJ 

oc  o 

— * 

ca 

o 

< 

a  • 

O 

1-  X 

z 

— * 

— 

z 

• 

UJ 

UI 

—  -4 

o  o 

© 

CL 

►— 

— 4  1 

-4  1 

o~o  — 

© 

X 

<r 

1  • 

1  - 

UJ 

z 

-o 

-o 

zo  z 

Z 

•H 

o  • 

o  • 

— *  —  - 

> 

o 

•o 

•o 

o 

<  -Z  -4 

o 

(D 

-J 

ac 

o  * 

o  » 

O 

QC  *OUJ>  II 

in 

-J 

o 

»CQ 

•CO 

in 

ac— oo  — 

m 

UJ 

< 

o 

COX 

CO> 

UJUJO  ■*  • 

o— 

l_) 

X  “ 

V  » 

o 

— 

o 

03 

o 

*+— 

— 

—  z  — 

•» 

1 

i-r 

H-X 

a 

i  oc  1  — 

</> 

— o 

1 

X  • 

X  - 

< 

a 

1  1*  1  —  > 

a 

** 

—4  — 

«t- 

-> 

X 

o 

o  « 

o 

> 

4—4 

m 

>> 

>Q 

— 

o  » 

oo 

o  * 

OC 

— 

Q 

•  »Q- 

z 

—  m 

— O 

“1 

2  .2  II  Ow 

OL-Z 

a 

«  • 

XX 

XX 

n 

• 

ooao «x— 

A  • 

00 

O— J  — 

*■— 

OO 

•400 

■400 

5- 

LU 

"*LUmZOwN 

— <ai 

£ 

-4  »X 

-*(— 

OO 

II  i* 

z 

2- 

— L-  ihUJH  « 

—  2 

#—  «• 

p^cl 

oo 

“CCOC  • 

•oCac  t 

o 

•r~a.  —a  -a.— o 

2  • 

o 

•>» 

oo  * 

•  -J— 4 

-4UIUJO 

-4UJUJO 

o 

DO'tON  *nh  « 

•  •  •UJ«a* 

k 

Ooo— 

m  in 

n  vn 

ii  mcoo 

II  CO  COO 

rnm  —  -4in(MU.O"^o>^Q.'t’ 

2 

O— XUIO 

»•  •  *oo  » 

•  rTS 

»£SO 

.  — L  — l . 

*»«o 

z 

—  —  V— —  m— f*i®  it 

II  II  H  :*  — 

O 

t  j 

—  1  XZ-4 

-t-OHOvfOWOOOOZZ*  +  OZZ  +  ♦ 

< 

a  — •*—  o  ^  m  K*  rrt  ►-  -4  nj  -4  04  Z  CL 

3»Ol/5  _J  1— 

x®m  >eo 

oc 

oai<-<<4<»<  *  *  ♦  ♦  o 

>- 

Oil®  o< 

t-X  1  1  It 

1  It  I  x>- kmjjoxnjjqv 

0C 

NLZ-xozczaaaajM 

z 

II  XOI-O 

—oc  u  it  b-  ii  o  it  it  ii 

It  -JO  It  II 

-t-JII  II 

UJ 

— — oc  aC<oc<ocZZZZo— 

UJ 

3*0—0 

ccox»xx>a>cflhC«xiac«>ia 

U.  OC  O  U»  O  UI  O  UJ  C  — 

— — »<U. 

o 

OXU-<OlL 

IU.0UUQQCX>TQUUUXQUUQ> 

—  JCU.— U-0CLL0CU.XX>>O>-' 

o 

— X— OOO 

L- 

< 

c 

L— 

-J 

o 

o 

o 

a 

o 

o  o 

o 

© 

in 

o 

O  eg 

in 

<M 

t\) 

moooo 

m  on 

ooo  m  o 

118 


ooooc 

oo 

ooooo 

oooooo 

o 

o 

(NJfTl'TirivO 

h-ao 

mi*®  U'O— 

ro 

GO  CO  CO  CO  CO 

00  CO 

O' 

CPO*^i>00 

o 

o 

ooooo 

OO 

ooooo 

oooo*<«< 

-M 

-M 

OOOOO 

OO 

ooooo 

oooooo 

o 

o 

aoooo 

OO 

ooooo 

oooooo 

o 

o 

jjjjj 

_J_J 

-J-l-J-J-J 

-J-j-J-J-J-J 

~J 

-1 

a  Q-0.0.  a. 

o.a 

a.  a  cl  cl  a. 

a.  a.  a.  a.  cl  a 

a 

a. 

m 

to 

CO 

Z 

— 

mm 

o 

CO 

m 

MM 

UJ 

tS) 

P- 

ac 

MM 

UJ  MM 

Mk 

a 

•M 

Z  CL 

CO 

u_ 

— 

1 

—  z 

o 

o 

m 

_!  * 

CL 

T 

O  UJ 

o 

* 

o 

m-4 

O 

> 

o  o 

OO 

o 

1-  II 

O  P- 

CO 

-o  < 

•i 

<N  “ 

r*. 

O  — 

«k 

®  o 

(Mt 

X 

in  O' 

-1  o  ► 

— 

CO 

.J 

O  CO 

II 

O 

a  o— 

o 

z 

O  CL 

•» 

p- 

a  • 

P- 

m*-* 

» 

o 

p- 

— 

1 

•* 

p-p- 

l  — 

o 

MM 

O  1 

— 

X 

— 

O 

l  o> 

• 

Pm 

c  i 

•i 

o 

O  • 

CO 

o 

p—  » 

«4 

*k 

o 

o 

CO 

oo 

UJ 

•«  — 

•i 

CO 

p- 

> 

co 

MM 

> 

h* 

mm 

a— 

a. 

o 

MM 

< 

—  z 

H»X 

MM  M 

n 

Z  O'M 

z 

a 

-*  Z 

• 

M 

LU 

•  a 

0—0 

oou 

o 

• 

a— a.  v  — 

•»  — 

•  a 

»-M 

QC 

UJ  — 

Owen 

O  *x 

a: 

UJ 

-IMZ  **««o 

• 

UJ  MM 

>*x 

*k 

< 

Z— ►“ 

fO  * 

— a— 

Z< 

-*i — ■  o  • 

•»  — 

a 

Z—P- 

— 

z 

•r**CL 

*UJ_J 

• 

•P-O.Z—  O'— O 

X  2 

UJ 

•fkCL 

z— 

UJ 

a 

— .a 

-jr**-* 

—  «o  •  • 

o 

— imOujp*— • 

•  •  t—  UJ 

M. 

—oo 

iur^ 

CL 

UJ 

lTMf\ 

II  oo 

II  — ®o  o 

UJ 

«0«O  CLOin  t  —  U.O— O—UJOCL 

PkfM 

x 

p- 

MM  mm 

—mm 

nioujoui 

— 

•m  TC'O'-'OvOCO  u 

tl  II  II  2^2 

CO 

—  —  OXP* 

UJ 

</i 

P-'O*- 

V-nO— UJ  UJ  . 

-J 

k'OkOOJ  > 

z 

at 

Q-— P-  • 

•  OCsiP- 

•Ooem  +  z  +  z 

CO 

a.' 

MMp-zinp-  iinhHN-i<Mj  z 

o 

akk-zm 

aC 

oaj<ir>OP^— <0'#P-  tj—o— 

UJ 

Ocu<  *><a»4  +  +  *+  o 

co 

OUJ< 

— 

-1 

a 

—L-XP»UMOOZlT,cf\*«_J>L->sP- 

z 

M| 

kZjozzDza.ana.jPMj 

X 

— p-x  ii  mmJO 

-1 

IL 

— -CC  II 

II  «oc  II  — _J  II  Z  il  Z 

— 

«—0C_»<aC’-»<0CZZZZj  j 

> 

—Qf 

< 

lLKDhUOUJQUOii.4UOUO 

— * 

U.  OC  O  <  UJ  o  u.  UJ  o «— 

CO 

u.acop-<uj 

UJ 

-1U.IXQ«U.>0«U>UXU 

«3u.uaa.«c<u.xx»uoo 

-mlua 

o 

pM 

<s 

q 

O 

X 

w 

-J 

o 

CO 

O  Pk 

r* 

OO  o 

a. 

o 

Pk  Oik  pM 

o 

Q. 

O  fk 

o 

O' 

O  — 

o 

PU>^  Pk 

o 

MVJ  — IO  —• 

o  o 

—4 

moOoiA  m 

in 

mm  mooorn 

*o  >0 

mooop-  p» 

119 


X 

X 


0254 

HR 

HR 

"» 

1 

1 

•  </»</) 

U  II  H 

o 

l/l  0.0. 

oo 

k-  (/></» 

O' 

M  MM 

•4 

z  oo 
o  •  ► 

X 

•  0C_J 

o 

•  kO 

ae 

o  zz 

< 

O  XX 

O  k»k- 
(N  -J_J 

M  0.0. 

X 

i 

i 

II  II  II 

X  zz 

(/> 

«r  i/li/i 

k» 

X  oo 

>  •  • 

UJ 

m 

o 

•  «■•!■• 

a 

co 

•  oo 

o 

< 

• 

O'  oo 

LL 

m  M 

o 

o 

O'  t-k- 

«n  — > 

eg 

• 

O*  <«f 

X 

M  | 

m 

• 

o 

1  0.0. 

L- 

»  • 

• 

O' 

ii  n  ii 

M 

X  • 

i 

• 

Z  a£a£ 

jC 

^  o 

• 

UJ 

mOUULU 

»  * 

o 

O  UJ 

o 

</> 

(NO  X 

• 

o  J 

o 

>LU  II  11 

D£ 

•nO  > 

o 

O'  k- 

M 

•UJ_J_I 

3 

•00  </> 

• 

M 

k- 

t  OO 

O 

X  ~ 

IN 

a  v- 

M 

o  » 

k- 

>to 

• 

V— 

• 

o  •  • 

o»z 

•k-  k- 

H 

1 

1-  — 

O  •'4-'i- 

O'O 

O  X 

X 

a  tu  an 

X  O' 

NOkk 

»u 

•o  • 

• 

O  -1  _J 

•  O' 

momm 

into  o 

o 

K  H-ao 

O  O' 

ii  oearg 

z 

LL.  > 

> 

Jm  M  M 

>  • 

X'l'll  II 

M 

•— >>■  • 

• 

— 1  k-  kZ 

•  • 

^  i  II  ■! 

X  O' CD  coo 

O 

•  MM  WQ 

o  o 

X  II  MM 

occ 

■+•  OCOX 

•  «x 

UJM  M 

X  * 

xo.zz 

Oct 

•O'-l-J— 

oo— 

ZMMMMh- 

M  • 

*  N-.00 

UJ 

O  »X>«J 

inmoc 

•zr-^e-a 

-I  o 

•  Q£ 

k» 

•or  o 

UJ 

-UJO<hO 

o  — 

Q9kQO 

tnuj  i  i  co 

+•  +CQO 

co  a.  co  oco 

CO  k- 

ao'</ioQ* 

o 

u.  «  X 

X-4 

•  zoia 

O'  • 

on 

—9-00> 

uuis 

WUi/iwOwOO 

x  i  g— q 

o 

k->X>LO 

x>z 

Ol 

nz.k«k00injiz& 

ac  ii  oaao 

ox 

<</>  n 

•  a 

a  <xuj<k»^rn  m 

4ZOOO 

o 

X«  II  II  -1 

M  H  _lk- 

Mjoxkz:  i 

i  •Okja. 

OmOILLLZO 

OO 

0C—  -J  II 

M 

'-_l<0C«et  II 

II  II  JZJOO 

i-roMONO 

au.uu< 

uu<o 

k- 

n<uicaaoui-<Q<i-z 

OX  lOQlOk 

U.-»X>OfNlX>00 

mUCCIL2ULXVXOOOV)UJ 

-J  ||l-k->M 

a 

1— 

a.k-ujiLu.(AO 

_j 

o 

•O— 1  •  •  •— 1 

OUJ 

o 

CJ4QOOH 

Oil 

a 

O  IN  |N 

o 

J4uO(J(3k 

oz 

—4 

O  O  -4 

o 

vJc/i\s\h 

oo 

p- 

000=0  CO  CO 

O' 

>*  NNX-N 

ox 

120 


LIST  OF  REFERENCES 


1.  Kahn,  Robert  E.,  Gronemeyer,  Steven  A.,  Burchfiel, 

Jerry  and  Kunzelman,  Ronald  C. ,  "Advances  in  Packet 
Radio  Technology,"  Proceedings  of  the  IEEE,  v.  66, 
no.  11,  p.  1468-1496,  November  1978. 

2.  Naval  Postgraduate  School  Report  NPS55-79-018 ,  Parametric 
Terrain  and  Line  of  Sight  Modeling  in  the  STAR  Combat 
Model,  By  James  K.  Hartman,  August  1979. 

3.  Ziemer,  R.  E.  and  Tranter,  W.  H. ,  Principles  of  Communica- 
tions  Systems,  Modulation,  and  Noise,  Houghton  Mifflin  Co., 
1976. 

4.  Okamura,  Y.  et  al . ,  "Field  Strength  Measurements  and  its 
Variability  Tn  VHP  and  UHF  Land  Mobile  Radio  Services," 

in  Communication  Channels:  Characterization  and  Behavior, 

B .  Goldberg,  Eld.,  New  York:  IEEE  Press,  1976  . 

5.  Bullington,  Kenneth,  "Radio  Propagation  at  Frequencies 
above  30  Megacycles,"  Proceedings  of  the  IRE,  p.  1122- 
1136,  October  1977. 

6.  Jordan,  E.  C.  and  Balmain,  K.  G.,  Electromagnetic  Waves 
and  Radiating  Systems,  2d  ed.,  p.  653-654,  Prentice-Hall , 
1968. 

7.  Nathanson,  Fred  E.  ,  Radar  Design  Principles,  p.  19, 
McGraw-Hill,  1968. 

8.  Saxton,  J.  A.  and  Lane,  J.  A.,  "VHF  and  UHF  Reception 
Effects  of  Trees  and  other  Obstacles,"  Wireless  World, 
v.  61,  p.  229-232,  May  1955. 

9.  Rand  Corporation  Report  R-1335-ARPA,  Atmospheric  Effects 
on  Terrestrial  Millimeter-Wave  Communications,  by 
Dudzinsky ,  S^  J.,  Jr.,  March  19  7_4. 

10.  Needels,  C.  J.,  Parameterization  of  Terrain  in  Army  Combat 
Models,  M.S.  Thesis,  Naval  Postgraduate  School,  Monterey, 
March  1976. 

11.  Bond,  J.  E.,  Self  Interference  in  a  Packet  Radio  Network, 
M.S.  Thesis,  Naval  Postgraduate  School,  Monterey, 

December  1980. 


121 


Georgia  Institute  of  Technology,  Atlanta  Engineering 
Experiment  GIT-A-1485-TR-4 ,  Radar  Foliage  Penetration 
Measurements  at  Millimeter  Wavelengths,  by  N.  C.  Currie , 
E.  E.  Martin  and  F.  B.  Dyer,  December  1975 . 


122 


INITIAL  DISTRIBUTION  LIST 


No.  Copies 

1.  Defense  Technical  Information  Center  2 

Cameron  Station 

Alexandria,  Virginia  22314 

2.  Library,  Code  0142  2 

Naval  Postgraduate  School 

Monterey,  California  93940 

3.  Department  Chairman,  Code  62  1 

Department  of  Electrical  Engineering 

Naval  Postgraduate  School 
Monterey,  California  93940 

4.  Professor  J.  M.  Wozencraft,  Code  74  3 

Department  of  Electrical  Engineering 

Naval  Postgraduate  School 
Monterey,  California  93940 

5.  Professor  J.  K.  Hartman,  Code  55  Hh  1 

Department  of  Operations  Research 

Naval  Postgraduate  School 
Monterey,  California  93940 

6.  LtCol  Adam  Feit,  IDF  1 

SMC  #1073 

Naval  Postgraduate  School 
Monterey,  California  93940 

7.  Commander,  Naval  Ocean  Systems  Center  2 

Code  033 

San  Diego,  California  92152 

8.  Capt.  Edmund  A.  Lucke ,  USMC  1 

2225  Montgomery  Avenue 

Woodbridge,  Virginia  22191 

9.  Capt.  James  E.  Bond,  USMC  1 

1600  Indus  Drive 

Woodbridge,  Virginia  22191 

10.  Capt.  Thomas  G.  Kane,  USMC  3 

407  Nob  Hill  Drive 
Stafford,  Virginia  22554 


123 


